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... over the ·past few year~·, . the developme~t ~f :th~ • New ·.· 
• : ~ u 
' ::.: ' . · : 4 • • • • • • ' • ' • ' ' • f ' . . . •. . ' ' ' . 
. ~tpeniatics~ .· ha·s : seen .many cha~ges made in ·u1e mathematics .- · 
1: •. .. - ~. · . . . ·. · ~ · : -~ · . . ·· :~ . . . . · ' . . . . . . ~ . ·. . . -. .. . . 
·.. ... . · . . ·.., ·:.ciu:rii::ul·um. The cambridge ·canference .. on ·school Mathematics ·: · ... 
_ ... .'_·: _. >;:_:·· ;~.·- · .' ~ ·: (:L~6~) .lias. ~d~ocat~ . th~t-c:more ··t~pics be pl~ced in~o th~ . Hi:g~· . 
· · • : .. • • • • • • t , • ·: : •• • • • : . • . •. •• ' 
··-: .. : :_ . . · . :' · s~hooi~ which .. were ·previously:_ taught at :.the university level. . 
.. .. ... . 
·' ' -
• ' ' ' ,. :r ' ' • . ' ·• ' • .. ·,· \ • ', : ' ,. £ ... • t ·, . .. _. .'. • ·~ ' • " , : ' ' ' •' _. ' • ' . ' '• ,, . . . • 
. Howe~er; · mathematic~ ed~ca tors in· Newfoundland ar_e . pres~nt_lY. ~ · · · 
. --~~~6c~~ing th~ 1:· no't . ~~1 .. ~h~1d~en -~r~ adequ~te~y ,Pr~par~ . to I • • : • 
. . ' . .. ' 
.:· .. :- . ' ' '• · . .. 
·.cope with_ .~he content and :rigour 0~ -~~ch ·high .. ·sc.~oo1 · niat.h- . 
·, . . . . ' . . ' . ·, ' ; . . • . . . - . . . . : ' . t ~ . ' '. ' : . . 
. · . .. e~tics ·cou;:ses. · It becomes nec~ssary . to .first look at the 
-. . . . . : ' ' .. ' ' ' . . . . ' · .
. ... . . 
. ·. -~ltaracteristic.s ' and abilities. -~f _· t;he :Stud~ts. ~ho are. enroll~ 
o ·: ' , ' : • • ' ' • • ' ' ' ' ' o • • o '• ' ' : ' o ' '• #' ... • I '• •'' • ' • ' 
. • · . . _ · · _.· _c . ~ i~ :·_.~uch, \o~rses~ . . '· · ... . :··.( .· · . 
· · . . · · ·. ·,-. ·· ~ .. . : Bruner (l967) . writes:· · · 
)' :·. 
•;. . · 
.• 
·' . 
·.~ 
'' . . . . ' .. · . _. · .: ~-~~-tru~~i~n .. 'f~·,: a.'ft'~;- \all~ a~ ' effo~~ - to : assist or . t~ : : 
' ' 
· · J' · ·. ,. ·. :.- · · shape ..  ·groWth.::. ·In d_ev:Ls'ing instruction for the· y~un~; . · · ..... 
... · · · . . · .. ·one · :Would · b~ i1~ advised in~~ .to ·ignore: ._what is ' .. . 
.. -~ · known about. growth, its copstraints 'and opportunities~ · ... . . 
·~: .. :. ·. ... · .. . · ·. And _._a · theory of instruction ·i·s in· effect .a theory of - ·, . 
·{ ' •. ·. ·: · .·.· :.' how _growth and devel~pmen~· are· as~ipted . }:)y diverse · ··. 
e-~: . ' . . . means [p .• . · 11 • ' : . . . . -~ . 
~~J ; . · .', .: M~st;. mc)~~ls o£· iri~~rri-~tiqn~~ ~e~elo~~ent_· .and curricui,~ .. .. . " 
'~~ ... . >. ·' d~velo~m~nt ~dvocate -~imi~~~l~,._. that ' the first . step i n suC:h ' .·: . ~~ '· 
~~ .·· ' · · .. ·· .· • . ,dev~loinU~Jlt is tbe assessmeht o~ s~uden~ ~M~~ctt.d'sti~S : .••..•. ~~) ... 
f~"' ··· · ·  In di~.;:UsSiitg' s~uaie" of ieariierSarid>ieilr~ing ~i:ciceli~es, ' /,?/ .·· . 
• xfW J . . ·, . Taba·· (:i:-9.62} . sta~~s:. ' .. ·: ' .. . ' . . .. . . . . . .·:_' :'.··· 
::~(:~ ·:. '::: ,; .. . ' . ' . . . · .. · . . ·. 
~;~:~.. ..· ' ·. .. . . ·:. . . . . . . : . : , , · . - ···. ' ·. ·, ·. . ; - . . , :. :~- · - .... , ~ . ' ' 
·. 
·:- . ·. 
• J. . ' 
. . . 
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.. . . -
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' ' ~ . I 
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I . · . . ~ ~~rm~~i1ort' · ~ro~ .these st:ud-~e~ - serves an· a'ddi tional.: · /~~·ct~on .. of ·helping to: determin~ what is .feasible. : · 
' · a .t · any on"e poi-nt of development/,' .Qr the appr~priate . .. . ~ 
level ·9n wh~~h these <?Utc~mes 1/ire· attainable~ Thus ' 41 . the s~udies ·,of · developmental r,eq~nce should i ·ndicate 
what r~sponses of intelle~tual, e~otibnal, 9+ ·social 
. maturity can .be' attai.n~d by ~tudents at · different~ .. 
agi· levels with different abll:ltiet arid vary.j.n~ 
.patterns of social learning · [_p. 19,.4). 
) . ~·. ' 
Hunt (lQ61) . ·notes that Piag~t · and his col.l.eague~ hav.e . < 
• . . . . • . . I ... 
studied' the ·deveJ.oprnent of intellectual . fun~tions _and l.ogic 
. . . · . . · , . .: ·. . . I . . . · . : . 
. . . 
Hunt writes that 
: ••_;. ,' . Piaget' S work contribute~ in hi'ghly varied _ways not OI'J.~"Y 
·-to the· theory of ·developin~nt, whence it. - ~erived but to the.: 
. . . . . 
g>~neral· · theory of behav . ior, and, at least . partial.l·y, to 
. ~ . ' . .. 
,· 
.. neuropsyqhol.o<_fy . [,P. 305] <' So Piaget • s work_ wou.l" see~ to 'be· ·. 
. . 
a reaSOnable Orie tO 'chOOSe .. in a 81;-Udy, ~OflC~rnin~ Childx;e~ I~ . 
·dev~lopmerit.; · Even Bloom ' (1971) st~·tes: "Pia.get's · frame,~o~k 
. . 
mak~s. · it possible · ~or . the teacher to know what a · 4-year"':'old _ 
has' to. mas~er in order . to _progress to the l.e.vel. of a" normal 
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Piaget further · notes 
·. that an operation c.annot' be isolated but it .only makes ~~nse : 
: ~n· terms ·of a total. ,·structure' •. Piaget (i9SQ) . contends · 
· that the. ~undamentai probiem of empiricist theori~s , a·f · "mentai I . ·. . . .. . . . 
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! ~ · .experinlent" is that . they ·attempt · to · loqk at .an operati()n as . · 
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. the a~tual work of · the mind. ·when· i1;. ·reaches ·the: operational·. 
. . ·. . \ .. 
level of its developmenti ~hat is, its form of. tinai. equillb-·: . 
. riUiil. 'piaget, refers : to these ' co~j:nitive s~ructur~s ·as sche~a~a· ~ · 
Flavf!ll . (1968) .d:~fines schemata · as· cognitive structures · 
which ~efer to a class of similar ac·tion s.equence.s . that· ·are · . 
.. . ~·trong, . bounded ' tlotali~ies in which the, elements. of behavior . 
. . . ' ' . ' . ' .-.. . ·. . . \ ' . . ' . . . . . . . . . . ' . : . , · . . ·. · . . 
·. ·. 
are tightly interrelated. A schema is. labeled· by· the behavior 
~ a·~~~enc'e to which it ' ~~f~~s> T~u~ Plaq,et(~)ea~s of .th~ ~h~ma ·:·. ' 
. . . . . . . . ·:. , . .. -
of ·~ucking; . the :schema: of hearing,.- the scli~a ·of .sight,. and 
. ' so on. 'An a'ctlon' sequ~pce~ . if' it '· is : to . be ~- schem~; must . have' ·.· 
•, ' I . .. ··· .... : .......... . •' 
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.. ..... - .. •. cert~in cohesivene~s ~ and' must -'ritaini;~in. i~s identity as :a . . . .·. \'· · . 
. · .·.. ' _ ; qui.Si-stab~e rep.,atabieunit. ·~i.agei: (l9S2i SeeS a sc~'ema ) . 
as " •.. -·an enseD\ble o{ sEmsori-motq.'r · eleme~ts mutuaily · .· ; :~ d~Pe~d-;nt or imabie to. ~tmctio~ wit;hout ea~h other [p. ,2Hv .·r 
' . ~~~ same ":.hem~ indiffe~ent subject'j' will not be exa:tly · . J 
. . .-• al~k~ · but ~t w~ll . shaJ;e cOilJffion featuies. Flavell,. J:lOtes ·that ,;~ . 
. ~ - · ~;. 
. . sch~~cit.a, being ' st.r~-u~e.s,. are ~oth created .. ·and ' modffi~d · ·. .~ 
-.·· ·by ihtell~ctual · frinctio~lng-. a~d are .. far . from .being stC:tic .. 
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. ·:: . · ... \. : !.t: . i's · no~ riece!isary . to retui:~ to · ano:ther i:ei-rn wli·ich .· ·' 
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w~~ · utili.~ed \in ~di~c~s·si~g .st~~~ture ~ equilitirium·. , 'B~fore·· 
' ' ,- , • . . . . . . ' , , . . . I 
·~I ' : ' : 
. . -
,•' 
. 
·' . 
.' I ~ 
. , · . . 
:-·· . 
, ' I , . , · · . :-_ ·. thiS' ,te:r:m can pe exp·l~i~ed, the notions of assimilation .and . . . . 
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. . ac¢ommodation . will · be· discussed • . An understanding of these · ... _ 
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· twq. t~rms ·~~~u~~ l ,eaq ·- to a · :~ette~_. kn:'\led:~ · ·of .. wll~t P~ag~t. · 
means· 'by equilibrium~ ... · :: . . . ; 
.. . . . I . .' -\ .. ;~·: . . - ,-·· .·· . . . . . : t • · •. 
· P i:aget ' ·s concept . .of furi~tion has . ~lready . been · de-
.· s~~i'bed~·· . ~ ~h·ii~ips . ('!.969; .. d~·scribes two b.asic .. fu~ctiori~: ·~ 
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· ·or9an?-;ta~iori · an,d ·:-.adail~at~?n.' · .. ~lavell. (1968) notes imat· these ~ · •' ' ' • I , • 
· tw~ pr~pertle13 . or irivarianb3- hold .'· true ·at· ail ; l~vels · of . 
de·~~lop~~~t ~ < E~~r; · ~~t is . pr~anl~~· and . Phil-~ip:s· . (i~-6~) · 
. . .. ... •,· , . . ' . ·. - ' . . . . ' 
. ·co~teiJ.c~.'s' .-th~·t the dy·namic aspect .of organizati~n · is · adapt- · 
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ation; Flavell · (1968) · notes 'that adapt~tion · is seen· as tne · 
• ' ' • : . I 1; • , ' • ' ) , , • ' I • , ~ ' • • • ' · . ' • \ • , . 
.. · . . interplay . ·of two proce~se_s: ass\tni·latlon .alld .a~commodation. ·. 
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' ' .. are _ . in~brporated · ; into the chfld's bank -0~ knowledge i~ '. 
' ' . ' • • • . , . . J 
' :9 . ' 
response. t .o _the de~~nds · of the · e~virortm~~t -~ ·. Mlnk (1.964 ). ·· . :· · · 
"' · 
. . ' pro~ides the· ~xa,mpl.e . of a chi.ld'··who has a .schema· f~~!·pullin~.: -
... 
J ·.~ 0 -
'\,. ,· 
. .. 
·. 
·,··, 
If. the ctiild. wishe·~ · - to . re~ch ari obj~ct. ori the far edge of a 
ru~ . and _d9es so b~ pullit1g . · t~e inatT--Piaget, woiild say ·t.hat 
· ~ th~ ··: behav.ior was assimllat~d i~to the existing. c~gni~iv~ 
. . . . - ' . . 
. . 
. structur~. .He. also gives ari ·example of · a girl "who has .. _a 
I , ' ' ' , , • ' I 
·lifting . schema and .can . l ,ift.·· a bag of_ groce_ries· • . , .Yet· i'f . the·.· 
.. 
·same- girl wishes to.· lift· a 50-:-lb. · boulder for the first tifiik~' . 
... . ' . ' . . . ' . 
sh~ · must accommodate by 'buil_ding the .behavior ,sequences in-:- ·. 
' ' 
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'. 
:_ ·. · ->~-~~-~·'-< .. . volvec;f in ri9gin~. some .. kl.nd of P':llley ~ystern~ · Thus_- the 1 
' . . ' . ' " 
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· . . 
.. '• · . 
.. · :~ ·.eXis~ing F!Ogni ti ve ·~tructui:e ·1~ · ~hariged . tO c~p~~ W.i i:h · tb~·. ne!w : . 
..... . • r ' ' r . . 
. prqblem. s-ituation. Acf~pta."tion is a balance of th¢ ~erms . . . ~ - . ·: 
·' . 
. . . .~ 
· · ass:bnilation and ac~o~odation. · - ~o s~arize, Mink (1964) 
· ·. . i· states· that· if one can take into an existi~g . b~~~vioral : · ·. ·. :~i  
\ · · pattern, · ~ne~as~imilates, b~.t if 1one must chan9e his pattern · ·.· ·· •. · \~ 
. .· .. ,_ .. . - . ·. ·-.;r· -: 
• ,1' . 
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This leads c:Iirectiy to what ·Piaget (19r-4) ·refers to 
\ . 
· . .. · . o.f. response·i one accommodates. 
a.'s ,. the· pr.incipal .fa'ctor. iJ'l the deve'lopnient fro+' one set ·.of . '' 
s~r~btur~s to im9th~r: ..,eq~ilibr~i~n ~r .. equilibri~ •. ·. : ~iag'?lt . 
(1950) s~·tes that " •.• ·, th~. equil.il:l'rium> of operation-al thought . 
~ ' . . - . ' 
·is in no way a _state of rest, but,_ a .. system of ba,lancin.g . int~r- · 
~llang'es, alterations :~hich are bein~r· 'continually compen 'a ted 
. . . . ~ . ' ', ' . . 
~y oth~~s . [p • . 401 .'" · · .Fl~vell tl9G8 _) notes that· thr_ou~h nter-
. acfion . with. 'the ehvironmen:t( data 'is· assimilated .~hieh 
. . • . . . , . , . . ·. I." . -
a · disequilibr.ium· within the: organism whereby ex.istirig ch~ta 
. . . . ' () ' 
·can'no.t . cope with ... the new data_. · Thr ough the ·process 
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~odation . the ·ne~ d·~ta- ·is inoorpp~ated·· int~·- .the ."orga~i~~ :to :_ 
cr~~~~: .\ci ~~gher l~~el.. ~f . ~qu~l~btiUm~ · .~t···i~ ~~~r~.ugh. this .:· . 
. pr0~e~~S\ Of St.rivi'~g for I equilibri~ · ·~~a~ -~~~gni~iVe • c.le~~l0p~~nt : 
<. -~ake·~···. P~~ci~. ~~age.~ · (1964) sees . e~_ui~·i!5rat~~n . a :s ~ .· proc~·s~ 
. o( .seu-~eq~lation and .notes . that he. uses thi; l:erni ·in i:he 
~e~·:~ ·~~ ' rci'Ce~~es ·w~t~·feec:lp~ck . and. feed.for~ard, 0~ proces.'Ses 
. . 
~hi'ch. "r~g late ~hemsel ves: by : ~ · pro~res.si ve co~pens·a tio'n of·· 
' . . . ' • . •. . ' . . . ' 
. syst'erns . . This · p;rocess . of equ.ilibra tion takes .7-he forn of . 
'· s~cc~ssf.ull . le~~ls· .of ,~quillbriwn '. ·. Th~re ··,exis~~ - a ·· seq~e·~~e "· 
.. . . . ·. . 'I . . · . . - ~ , .. . . . . . . ' '. r ·. . .·· . 
- · of leve~s ~such that i .t is nOt possi.ble to attain the Secon·d · 
' , . . . . . . . ' . , . ' ' 
. . • I . . . . . . 
level unless equilibrium O:f the first level is attained.- The . 
•· ' .. 
equi,l ,ibrium of the third. level can o~ly become pos.siJ:>le when . . 
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J . . . eq~i'librium . of the . sec:::ond level has ' been . reached and ·so on. 
i{( : . ' . . -~~ J's ~nly npw that one Can make senSe of PiaiJet' 5 . . ... 
· . : .· . · cori·cep.t~ of iJ'!t~lligence. Piag~t (1·950) · sees i_ntelligence as . 
:~~··· ·i~ 
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. . .... ¥ 
•· ) . 
· '· .· · . ·. ~'the : State Of equilibrium towards · W~iqh, b~nd all the SUCCeSS-. 
' , ., 
' · 
' ' 
. ~ . . . 
.. i~e. 'adaptations c:;>f ·a sensori-m~tor and cognitive .. nature, as, 
. . ' ' . . . 
. ·. well as all assi~ilatory · a.n~ .' accommoda·to~y .interilCtioris . 
·betwee~· : the :organism and the e·nvironment . .[p. 11) • . " ·He per-. · 
. . . '· . . . . . ' .. 
' . . . . , . . . ~ 
ceives intelligence ~ which is the most plastic and at the 
. . . . . ~ ' . . . . ! . . ' . 
·same ·time most durable structur<il ·.equiiibrium of. behavior, 
. . '' . . . . . . . . . ' 
as essen.tially, a syst.em of .living and actin,g. >operations. He . 
I ' ' • ' ' ' ' • • ', ' 
. · ·<_.se~s structure a's a particula;r form of. equiii.brium, more 
' ' • ' I I' 
.)' ~ ~ 
· ·-less ' stable within . it:_s restricted field and ;tos.ing its· 
' I 
or ·· 
• l ,' I I ' • o 
. stability · or· reaching .the· limits o.f ies field'. . Since these 
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. · ~ ~s:truct~~efi form diff.eJ::ent · leve'ls; they a~~ tt .~.e·· . regarde~ ·. as . · .-_. 
: ·succeeding· ~ne ...an~ther. _a·~co~~'di~g to a. · l~w aldevelop~nt~ · · ·. \ 
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. . _· .. ~u-sh : that· e~c~ :c;~~ bri~g~ about a :~ore \inc~usi.v~ . anci --~tabl_e 
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equi.lfbrJ~ for. :the_.:proces.ses :that ~~er~e froin the p·~eced:ing·-
. . ' 
• · l~ve 1_.:· :.· · .Il)-~e-~l1ge~~e: .t~ . J? iag_et, ·. ~11.7~~ .· is o~ lY.'. a·. ge_n.er ic terni· 
· >t~ . i~dic~te ·t-he ~up~rior · £(:>"~~- of . o:tgani·zation ··6~ equ.i.lib~ium 
,. "·. 
. ·.,I. 
.. . ·.. ... . . ·. . . . . \ . ·. . . . . 
of 'cognitiv~ _structurings~ · . . ;,.; : 
. ... · 
~- . 
. . . '\ . 
· Piaget's .Concept uf. a Child's Deveiopment· of Knowledge 
. : \ .. 
Shul.man· p .. 970) points Qut that :Piaget .c .onsiders the . 
chiid:. ~s · ~ . . 4-e~ei:ciping ·.o!-"ganitsm pa.ssin~. thr~ugh .blologi9a_l~y .: 
·. ~~te~ined ?Ognitive stages: Th.ese · ~.tag~s · are age-related, 
'. . . . 
ei:lt:houghwide variations- in c:ultures or environments ·will 
• 
0 \ I I 
yi-~ld diff~r~nqes .. in. individual rates o+ .devel~pment. 
St).~lrnan ·. notes tq_at . it is possible to .characterize · certa.in 
'·. . ' ... . . . . 
growth' pe:r;iods ' 'l:~y the .. forma} structur'es most useful for 
describing the ~hfld's cognitive' functioni~g duri~g - that t~e ' 
' ' . . ·. ' : ~ . . . . . ' . 
· span. . · These grawth periods · define . for Pia get the m~jor stages 
of intellectual · growth·. 
· ·Hu~t (1961.) suggests ·the · followii}.g und~rly.ing "themes . 
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t· ·, 
' · 
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. . l 
· · · : · · .of Piaget• s work: · · · . 
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·the structures of behavior and .thotlght in the de~elopi'rig 
. ·. • . I . .. . 
· ·. ch.i,id. 
'\: 
2. Sti~cessive· structures make · th~ir 'appearance 'in· a 
·· . . 
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:3: The natu~e -of ~ a.cco~oda.tion (adaptiv~· ·ch~nge : to · 
J . r ' 
~uter · ·ci~cmn~t~~ces) su~gests ~hat :the r_a~e ~f·. d.eV'~lopmlnt . 
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4. Th?Ugh_l: processes are ·conceive~ t!J .origJ.nate '1 • • • 
, . , . ·. , . . . ·. 1': I . - ~ ' . . . . . . . . .· . r 
· ·:.:th:rough ·-a · process s)£' internalizing· actions~ .:. Intellig·ende ·· 
• ' . . : __ ~ ' • • • J • • - ~ 
. . ;.'·_ :.· i_n.c~ea~e~ . a~ .. ~ho·u.~~t· ~ss~s ~.~e· ~o·o~~r;e~. · fr?~ thei~ bas"i~ . : 
. ·_ · ... in ·pe~c~pti_on ; apd .action .. and thereby become ·. _reversible, · ·· · 
q; ·< . -:~~aiudti~e, ~ssociative, : ~ndJ . . ·sq .'on. · ·. ""' · / .. 
. :· : _- .· .... .. : .. ··.·· s .• ··· A· ci1~se . ~elatio~s ip, ·exi~~~ ·· be.twee~ .. ·tho~,gh.t_ .. p~b- · ~ 
. ~ ~ ··, · . ·· · ....... · : .:···. )·. ; , . - . · . . , , . ' 
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. w9rk .. : · .The four main stages in 'the . dev~lo~ent .of ·the child's · .- · · 
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··· · a:~ . follows · (copeland,' 197C)): 
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d'iffer.ence b~tween . learning ··and· the · development.'- of 
_··.Piag~t ·(1964·) v.i~ws ~he . de;elo~~~~~· of· ·.kn~l.ed~e ·: 
, ',•: •: •. ••· • . ' ' • . ' , ·' :· .• l I ;. 
:.. . as·: (1.': proces.s • whi~h C<?ncernS., th~ . totality .of ·.' the . structures 
of knowledge. 
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robiem or s~ruciture. · So Piaget belie~eS that ;d~velopm.~nt . • · . ·~ . 
expla.ins learnln~~ .Piaget ·de.scrib~s ,. .. f-~ur ~ac~or~ - .w~ic~, :h.e ·:· ·.· :l 
believes; ei<pl~i~ . the dev~lopinent ~r.o;. . o~e sti:uct).ire t~ , • · ·· ·~ 
. . . . . ,. . . . : ·. .. , . . ·. . ·. . . I : . :~~ 
·another:' , .· . . · · · · . · /- ·-·~ 
1. - ~atui-ation .. ~i~~-·-.i~ . a co~ti'nuation of embryo- ~ .. :'!~ 
. . . . . .I . . {~ 
•' ' .. ; . · ::.~· 
. genes,is , · · · · . . · . . . ,. ·. .,_ ~ 
2.. th~ ;ole ·o~~enc~ of . t):le e-ffec-ts of . ~h~ :;v~ 
. . . . -- . . . , . . .. I .. 
. , . . , . . . . . , , ·.. I 
phys:i:cal enviroriinent on the structure ·of· intelligence.,' · 
. . . .., . I . . ·.. ; , : . ·. !- . , 
... 3.- · sc:>cia,A tra.ns.m;issiori. in·. the bro~d. s~nse · :_c'ti~guistic .. ., 
. . ' . -. \ . ' .. 
.'· } ·t-ransmission, - ~ educatio~·; ·and s~· on), ,.and 
. . ' . 
4. · equilibrium. · · · . ' . . . 
Piag~t . (196~) . not_es ·
1
that. the fi-~st · factor, . mat~ra'tiol), 
. . . I . . 
_.· ·_mus(:~ertain~y pl~y al} ~ndispensa~le role_ in t:-~e _t~imsition 
. . ~ . ' . . . ' - • . . l ~ . . . 
from one set of structures to another, but th~s factor ·does . 
' ·. . ' ' .· . . .. . ' . . · . ./.- . . . '. 
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not expla~n everything since the. average age at WhJ.ch· the . 
. . .. . . . . . . . . . . . .. ' ./: .· ... ' . ' ·. .; 
stages appear varies .. ao. g~eat ~eaT ·from· ~ne so~i·e~y .to_· _an~ther. . . . 
. .... A~t-hough the ~r.der of the appea~ance . of · the · sta:g~s · .does · r~airi· . ·_- . . -! 
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_ const~nt, the chron~logical ages at · which these _ stages appear 
. . . . c:;s 
. . . . ~ 
may .vary :greatly. · • ! . 
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With respect ,_ to th~ s·~c~_nci· factor~ -- Copeland· (19.7Q) 
. .. . . 
. points ou·t ·.th~t the~e are two, typ~s- ·~f · experie'nces .i~· th~ 
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' · . developmen1:. ·.of . ·a -.chiid' s . kriowledge: the: phy_sica!' e~perience · 
' . . ' . ' . . ·. . : . . . 
.. : 
. .. ·, 
.and -the_ rogic~l ~themat'ics ~xpe~ience~ He describes the act 
" ····\· ·· . . :of · wei~~ing . two.::;~b:]~cts .to. : d~·tez,-mine · i.f ~h~y 'ha~e _t .he same l ·. ' . \ . ·. ' . . . '·. . . . . . .. ·.· . . . 
wei·ght as_- a :phy~.ic~i experience. · .. The logic.ai ~~th~~ics 
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' expe~~~-nce co~~s · n~t' · from . the 'ob)ept or. _obje~ts .· them!ielv~s· · ... :, . 
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bu~ fr~m the actl.Ori ()f .~h.; 1e~;:ri<ir .on th: ~bjE.~ts' ' cope~a~d; ~ .• · •.. .~~.: . 
~x~mp·i~- d.ep~ct~ a · chil~-.~~u~ting ·a. cer~a·i~ - · -n~e1:- · ·cif . pebble~.. .. 
• ~ • ' . 1 . 
. . i~ ~iifferent . arrangeme~t~ '·and' -d-ete'rmining th~t - 't~e-- :tota;t is. . . .t 
. . ·,.· . ' ; ". . \'~ - . 
. ;'" 
,1$f • alw~ys the same.· . Piaget contends· that· these . experiences 
' ·, , ' ~· r ' " • ' ' , , ' • , • • '' • . ' • ' , 
necessa·~y b~fore ·.ther~· 'can be · opera:tions. Aga'in ~e .·note·s 
- . . ·. . , : . . .··.· . . 
tha,:. tl')is !}oes not- totally expl~in . de~elopment. ·. _He ·illust:i:at.es; 
· · a · · · · ··,.,- . - · · . - · · · -'i · 
. thl.s . by- noting ·_: that children. acq:uire·.~onservation of.:_ substance · 
are 
. . . .-.' . .. .. ". . ' .·. . ... - .-. 
' .: ' 'before.-they acqui~~ 'co'ns~~vat'i~n of· ~~.i~Jl·~t or conservatio-n of . 
. . . - . ... ~ ·;.~ . 
'\ 
. . - . : . . . . . . / . . ' : . . . . \ ' . . . . 
-.volume .. . He ·arg\les ·t..hat · conservation of -substance cannot be 
' • , •: I ", • I ' ' • ' ' •• 
a~quired-py · exp~riena~. 
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. \ ·. 
· . ·.the · imparting ·of 1cnowledge J:>y la~guage. · He state~ that -' thi~ 
. . . \ . - . . ( . . . -
·: · fa~tor is imp~rtant, _but onl·y when the chi.ld-possess.es a . 
· 'structure' ttlat· .allows· him ·to tinderstand the langua-ge being 
used • . Here. th'e child almos~ becomes lost because the teacher 
• ' ' o • '. o ' ' ' I ' • "• : 
.. . · 
... . may n()t realize that th.e child does ·not poss~ss this . 'structure' . 
. . ' 
. . "' - . : . . . . . ·_ ·. :. . . .- . . . - . 
This tim~ Copeland gives . t:he. ex<!:mple of the child. ~ho . maY. · see ·. 
·, . 
the- other -children in his fa~i'iy as . hi_s · brothers and_. sisters, . . 
. ··. . ' 
:' bu~ . he does riot see liimsel:f -as ., a ·brother · of. the other C;:hildr.en.· · 
·i.n the family~ . a.; can only . thlrik -.in one direction~-
~ - . 
. ~ - : ~ 
. -. __ 
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_ . 
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It is the fourth factor. which · Piag.~t x::efers to a ·s the } 
fun¢lamenta:J; . one. Copeland (1970) provid,es· an exampl~ . of. - .: · .· 
· '• . ' . 
' <, I 
:. 
. . · ' 
· ~quilibration. ·H-aving · passed · thro~gh : the necessa-ry· ~tages ·:of· 
. . . . : .· . ' . . . ' . . . 
.' 
maturation',- the child is showrt 'two b~lls o f clay the . ~arne siz.e.· 
one is flattened • 
. . 
. He is -asked which .has more substance, . the . 
. ' . . . .. . . 
_ . ;1at · pi~ce c;:>r t~e. x::ound piece. !rhen he .r~stores · the flatte ned · 
p i-ece ·to' it;s, origi.ital._' shape' <;~nd sees that they:. ~re · .the . same. -. 
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_:j:_t: ·is tp.i:s ··typ~ of :re~er~;(biii.ty that 'leads· him to. a stage 
·o·f equi'lib~ium, . wher~by .he realiz~~ that ' chan~~s i :n . ~~ape do· 
• \._,... ' 0 .' · . 0 0 0 0 • • 0 0 0 ' ,'OR • 
oot transform the ··amol.mt of su:bstantie~ ,Thr~ugll _ a.ssimilation . 
- . · ,· .· · 
,. :-
the proc~ss of equilibration -is. ~arrie¢l'.out. 
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factors : affecting the . changes · from one' .. 
' . . .. 
·an<;l accommodation 
· Since· .the 
:pructure ·. :t? aitoth~r 
deyelopment·will no~ 
have'' been· discussed, · the sta·ges . of·-.· 
" . . ' . . ' 
be ·.described." 
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The·: first two stages of developm'ent are. not.' very· • ~ · ·., . . · 
.. . 
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. - ... · . ''\). ·.· . ' . 
:;; . 
. · 
. ·. · · . . sigpif'i'qant to . this study. ThE!refore, ·they are nat· .d.iscussed . 
, \ ' ' , ' , • • ', ' ' II ' I ' ~ , • .,. , • • ' ' • ' ' ' \ o ~ , • ' • ' ' : ' 
· -in very much d'etail~ . I~ students at the_ Grade · 9 .lev~l .are · 
.., - . . . . ' . ' 
.. ' . ' . .. 
no.t . ~orl<;ing at a .'foimal :operational 'level, t:hen one 'could . 
' . ~. ·, .. . . ' . . . ·. . 
. .. · 
.' ' . 
. . ~xp~ct . them t9.· be. wq:rk~ng : at the _concrete -op:r~ti.o~al s~age. :... 
'Thus only . . ~hese tw~ .. s.ta:ge~ ·-~re describ~c(in d~tai1. : ·:.· .'~(': . 
• • ' " • ._ f . • • 
·-- · .. The £'i.rst' st~g-e, -~?mmonly . referred to ~s the · senso;ri-: 
. . ·~ . 
motor stage, i.s · g~ner.ally . considered .to - la·~t: thE! fi_r~~ two · 
··: '' · :year~ · of 'l-ife • . · Piaget . (1964) views this.· sta~e. as the -perio.d 
.... 
in' -which the .practical knowledge is ·developed which ·constitutes 
' .' ' . ·. . ' . ' ., . 
~= ... the .s~st·ructure o_f . la i;er r~presentation~i knowledge~ . · The 
. . ' ' . 
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.-~x:ample ·· which he·._gives is that· ,of tlie ~onstructi~n o-f . the··· . 
'. ' - . " \ 
, t.~hema of "p,.~ent objec~. At: first: a.l . ~bje~t has nO . . 
· perman~nce · . for the ·infant;.· . Once ·the · obJect . ~·s out of . !=Jight, 
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of . ari object w~ich . lea'ds to the . construction of ' sensori-motor 
. . . ... . . . . . ·. ' . 'j' ' 
space',_. and· o_ther construc.tions .such as 't~mpo;~i~ succ~~sic;n . 
and . cau~~ii ty-. 
a.\ . 
. . · I)uring 
' 
t:he .pr~-opera~ional stage, Pia·9~t 1(1964·>·· 
. ObS_e~v:e.S . t .ha t . there .are . the• beg,inriing~ ·.Of language 1 .- ~f. th~ 
. sYmb~lic . func:tion, . .an~ therefc;r·e •.of 'thought or repJ:esentatiqd. 
. - . ' . . . .. . . . ' 
' . 
:~ . 
.... , . 
1 ·: · • 
Th~ .· sensori-:-rn~t.or ac'tivit.ie~ .a~e ~~t ~edia.tely translated 
• • • & • • • • 
i~to - ~pe~giions .~s Piaget has defined tl)em. · There .is as' · yet 
·.~0 .· conservat'.ion -.whi~h ~s th~ ~sy~hol<;>gical ~~idenc:;e of . the . . . ·. ' ·: .. ' 
presence o'f revers.ible 'action. ' ·Piaget ·contends 
· J .. . . 
at the pre-operational stage will -think th:·~t there is 
\ ... , • . . . . . . 
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. ·. 
liq,pid in .·a tall 1 thin . glaSS than .in a: ShOrt~ Wide 
. .. . . . . . . ~ 
. . .· . ) . . ·. . . . 
:This a}?sence of ~eversibility i ·s . perhaps. the m()st important :· . 
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By symbolic tAo~ght .P.i'¥iet .(1950} .is. r~·fer:rin<J to the 
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· . ability -to d..ifferent·ia.te 'between a . sig~ifi(;!r ·.(a . word~ an• image~ .' 
.· · . . . . . .. . . . .... " ' . . . 
.'~nd ~0 . 6n) _and' a.: signific_ate (a. pe~c~ptually absent ~vent) eJ.nd 
.· . ,·' . ' . :: . ', . . ' . . . 
. . . . 
· t '6 use one · to <;.all forth qr rE!fer to th,e pther . . 
,' • . 
. Flavell 
. . . 
'cl'96a) 'c6nt~nds that . p'i.aget b'~lieves that \_'lith: the growth ~ and 
. ·refin~ent o~ ·the · ~ap~c~iiy to i~i-tate·, . th~' ·c ·hiid is ·e.~entually 
· abie· 'to. make .. ·in:ternal .ilriitations · ~s weil a~ eiternal, -~isibl.e · 
'' • • ' ' I ' ' 
ones·. He is a.ble to· recall . imitations made in the :past'. ·. Th.(s 
intE~r·n~l imitation ta~es ~he form .. of an imag~·- and . this i;nage ' 
J . (I • • • • • • ' 
• ' • • , - # ' • ' J . . • . • • • ' 
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_. ·_ ... · . · .~on.stitute's the - ~irst _signifier. 'Eve.ntually :the · c~ild .can 
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II Q 't • 
·· .. Piage~_ . (l9?2) - ~tates· . that . - ~he . ~ge ·of·.seven to ei9ht :.",· ; .. 
, . • · .· . . : . ... ·· · , .• , : : _,·· . . ....... : . . ]J i , . ' o .. · .. . ./i' . .- . · .. 
;re~~s, ·on the .• a~~era9e_ , . mar~~ ~ de~:L~:L~~ turniq,g P9.int .in·; ~.he 
. .; ;· .. ·,· . . ·:.... . . 
. · development· ~·f conceptual . to·ols. The·. interiqri2:ed ~ctl.ons 
' 
0 
, • • , : • ' • , 
0 
' • , ~ • ~ 1 . , • < • ' 0 ' ~~ • : ' • • ' 0 • 0 ... ,, "j 
. which the chil'd ' i>'ossess~s up ~0 now acquire the 'stat~s .of .. ·_. · . 
, · .., 
• . 
.. . 
·.· 
:operations with respec~ to: reversibl~ t.ransforma-t:~op·s· ~odify-· · .. ·,. : .' ' 
. . · 
. ' 
• ' • • . ' , • ~ . 0 ' 
·. i~c;;~:t\ain · ;a·riables ~nd . conservi~g· ~th~rs· ~a·s i~va·i:: iants ~ . . 
. 
. 
The. · re'ason ·;why ·they are called concrete op~;c:ations~· "Piaget, · · · 
• 0 fl · . :.· 
(1964) ·notes, is because.: they 'opera'te on~ obj.ects,- and 'not yet ~ : " 
. • ; • • ' . ~- • • • .. ' • ' • ' : • .' .. , : ... • • •. : . . ' • l . 
. on ·verballY. . exp~essed hy}:i)Otheses. · < At!utiii:s . le~l' t-her~! e:K;H~ts .. : · 
. ~ . . . . . . . . . •. . .. . . 
· the operat~ons· o~cla~sifi~ati~·ii~ ,CirderiJ.lg ~ t.l~e ~onstruc_t.i<?·n · .. 
• ' . . . ~ • . • • • : . • : ' • · , ~ • ' . ~ ·~ . • . : . ' - • . 0 . • • 
. 0'$: ; t.tie idea Of · n~er 1 , Spatial anp.· 'temporal ~ Oper~ tiOnS i ·.and 
~ ~ r ' • • • • • I ' .o ' • . ' Y 6 . • 
t-h~ ~undam~nta.l .:operatiq~s~·~:J;._ementa~y ~a'thematics, _ .. ?f·. ·. '.· . 
>·. (·.:.· .~a~y ~·e6~.etry; ·a~~ · ey~~ of :.~.le~~~hu·y · p~y.s~cs~ ·· ·. 
· ·. ·so 1£ both the p~e-operat1on~l ·stage ~nd t~he· ·st~ge· . 
of ~onc·rete .operations· utili~e representational t_hought.l ·wha~ 
. ·'. ' • • . 0 . , , ' · , . • . •, ~" ·• • ...... • · · : 
is the difference? ·Flavell (1968) reoognizes · -. the·.differenc~ . 
• • ~ • • • • l • • • • • ' 
I ' ' • ' ' ' ' ' • 
- ~.h~n .he d~sc~ib~~ .~he _ c~n~~ OJ?~~at~ona~ .chl:ld' ~s:_ ~~~- W~O.• ~ 
1. . behaves_ i~, a ~ariety .- qf. t,asks ~s __ tho~gh. ·J . integr~t~ - ~as_~~- .:· 
"\:.,.. ·. Hatqxy orqaniZ;lti()n :~re funCtiorli't!.: in. equ~libriim ~r i'n · · 
balance ·with a·discr~1native, ~ccomm~ory mechanism. ' 
. • ' • ... · <,., , · 
Hunt and ... S~ll.ivan (l974) contend that "jx i'il necess~ry . · . 
' • . . 
· to · outiine fi~e .. ~p~ci.£.ic ope~~tions ·in. forinul~~in~ the : . .. 
. •. 
' . 
oJ • •• 
I . 
, .. 
' . !)~Op~rties Of ... 9~ncrete .: Operat'iO~S·: 
I. , 
I 
/ . 
. .~ ' 
· 1:·. Cb~lnativity: ~an .. operatioi1· in whi~h two classes . : - · 
; .. ,' • ,. / ', • ' ' • • ' , ' • ' ·' ' I , , 
b~ combined. i~to one··.comprE!hensiv'e _ class; 'that ··embraces '. 
. ' ~ ' . . . . .. 
' : ~. 
may 
. :.- ' . th"t!n! .. b0th. . .. '. 
' ! · . . t 
. .. 
·; 
. 2 '.  RE!versibili ty: . ev~ry logical' ' ·o~ nia thematic a'!;.: . .... .'' 
.· ' . 
,'," ... · 
· ·: ·. ~ . '• . 
.. ... , . 
·, 
. ·' 1 ' • : . . . : 
. ... 
I • 
.• 
\ '. ·,., ' 
~ . . ., .. .. ' 
, 
' 
. ·: 
... 
. ( . . . . 
- •'· . . . l . ' .. '· ' . . 
. . 
·' I' 
• ' . 
:\. - · ... : ______ , -----·· ·~-~····-- .. : ~ . • • • • o, \ ·,. • • • • • • ·---~-· -~-----·~.:'\'1'~~.: ' r-·totr~t""~~~.p .. -..:.,..:...,....... ' . . ·.· -- _,..:-i-------_:-~_ ... ---. -·--->:-~~;7.'-.;,.....:..: .... ~-,.~~~- ,.........,.. .. . ,- . ..... ~ . 
.1 
·· . 
.. 
. •, 
·:· 
,. 
.. :.;,/ 
: . 
D , . 
.. 
'· ;~ .. ~.. . ' 
~ :. 
i: ~ 
~-· 
.. ~ 
.... ~. 
:i 
to' 
·~. · 
.:~ 
,: 
~· 
' 
\ 
' -~ 
· t 
'•' 
' . ' 
l ·.·· 
.{ 
.. 1~ • . , 
·'i .. 
o\ 
tllere ·is a .. n o. ppdsit_~ ;oper- .'·.  . · ~ · 
. . \ ~ 
' ) "' . : · · .. c 
4 ' .= ·-7 ca.n be. reversed· '· ·. . . 
"J 
: . ', ?.~~ 
J 
. . ::~ 
·<.!· . 
. . . :·.a 
:~~~ . 
~~J . 
. . ' opera~ion - ·is reversiple . ln: that, 
.. ., .. . ' 
r <:~.tion .''that cancels ·.it (for example, ' 3 + 
: . . . . - ' . f . . . ·. : . . . .;. . . . .· ' . 
.fl' 'to 7.- · .4 ~ 3). · · . · · . ·· .·· · ·.: · 
. . ·. '. ,· . . ·: . - . Q. 
· 3 .•. Associativity·~. ··· a:n operation combinin<:J · sever·al .. · 
clas·s~s without: regard· t6'. , g·:t~:mpirig) fo~ exa~pie· ,.- (a + b) ' 
• , • .•, • • , • > • I , ' . • . . , 
+ ' c . = ~ +.' ( b + . c) • . . . . 
.. ~ ~ . . 
·. · .. . . . .. 4.-tdentit·y:·· an _operation that -can Be nul.'ii£i·ed by 
/l:l, 
:~· . 
.,- . · com~in.ing ·it. -~ith.' H:·s . :- opposit~--··. (for e~ampl~~ +A - .. A = :o.) :~ : 
• 0 
, e • . 
~~ ~ ~">' ·. . _: 5. · Tautolo~y. _C:o'i-·. spepi~~ id~ntiti.esr~~ o~eration _. 
. :.·. rela'ted . to logic·~l cla.ssif,?.cations.· 'Here r~pet·ition o+ a · · .· 
. i • • . . • - ~ • . • 
proro~.ition~ ?lasS'ificat:.ion; or relati~it··· leaves ti?,em ·_ un~:· . · ~· 
ch~nged. 
.\ " . . . 
. The child i!S un~bl~. to _ac.c6mpl.:i.sh 'thes.e ope,rat'ion_s. .. ·prior· to 
. ' . 
.. . the· concrete operational -~tage~ 
.. 
' ' . 
Copeland · (1970.). give·s an· example of . reversibility; · · • 
.. . . . . 
"' 
.·\ •.. 
.,. . .· . 
. ,·. ··. 
.'0 :· 
. .... 
. A child ·is 'Shown two .identical. gla·sses containing the ': ~arne 
' .. .. 
.. 
. . . :' . . . . : -· . ~ 
·---~ · 
. I . 
'. amourit of wat(:!r. :·· The water. from one · glass i~ :poured ·into ·a, 
' ' • ' • • ' • ' ' • I .' ' • • ' ' ~ ' • 
_tal:'l~~ . glass \o{ith a· s~a·ller: diam.~ter. ·: In the . pie-op~rational 
. ·t . 
. ' 
• ', •· ' • • ' • ' • • • I · , ' ' • • ' • ,otJ • • 
stag_e, .the .·c.hild will ans~er ~hat the .. talle'r glas~· har ' th_e . : · .. 
. . more liquid .w:hile" · i .n th~ . doncrete 'ope-rational :~tage, \ the child 
w.i1i · answer- .that· they .. contain; the ~~meJ'-~mo~nt. ·· .--Piaget would .. ·~ : . 
. . ·. . . ' . . 
; ,.. ' 
, . . s~y that the child has · the concept of ·con·servation of amount , 
. . . r . . .-. . . . , . . . . . . ... . . . . • . . . . . 
·/·and . ~e~~f.\z_es tha~ _the',pr?c~ss .'_ can. be . . ~e~ersed~ :. . . . · . .... 
· · · -For the · property of corribihativ.ity" Hurtt ·and S~ll-ivan · , . 
. . . . . . ~ . . . . . ' . 
· <-i~l7o) .prov.id.e ari" appropriate ~ample. · Tw~nty b.eads ·are 
• • • • : • • • ' • • • . ;. . ' : • • ,! • : ' 
.. ·, pl~ced in a ·box. The child acknowledges . tha~ . th~y ·a~e mcid~··· .. . ,. 
' 
o.t ·: .. ~ood . (comp~.ising_ .class B) • . ~-~ve~teen_, b'e.a~~e.r~ ~ro'wn ·and 
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' • ; , • _' , , ••· • , , ~ , ' , ~ •, • ' ' I 
. ...were. de,signat~d subclass A;' ·\ three were. white and .. were des-
. ' . ~ . . .. ' . ' . . . 
:. \ 
•, ·. \ 
' .•. 
. ig_nated.· subcla~s · Al.· . noes · .the ·child ,unders~~~~:t'- ·tliil.t · A + Al -
B? When,. asked if 'there . were more ~~aden beads' or· 'brown . beads I 
. ... . 
. the pJ:e;..~~erational chil~ ·rep~i~~ . br~'~ .whil1 th~ · ~~.o~c·r~~e ... _ ...\ , 
operatio~al chil~ ri;li~s · t-ioo~ep. ·_. '·iiowe~er; the ·pre.:..operati.onal .· 
. child ~s ab~~ ·;to di~ce·~·~: .that a~~ .the . ~:rown .Qn~s a;_~ Jllade : ~i . . . 
.. 
.. . · - ~ . ·wood, .. that .if 'the ' bro:Wn· ones ' are'· taken". away the ·. white ·ori·es 
' 0 I • , ' , , • .~ .' ' ' ' ' • : . .. 
.. 
I , ·' • 
• • • l • •• • 
. . are ·l.eft, . an4 .· tha't if all .. the wooden ones are ' : takexY-.aw~y, . 
, ; ca "' :.t, . ' ' . 
· ~here _are ~one ,left • . · Tl_'le pre-:-operatiomil· child is. -~ble to : 
. . centre· his ' whole · attenfion' on a1l ' class ll or' on.the ' subcl~ss 
. . : . . . : ·. . . . " ··: ' . . . . . ; . . . . . . .. · 1. . . . . '· . ·• . . . . 
: · · A .. ~r Al, but he i,s unable to hal)dl~ both' s1multaneously. ·He 
'? 
. ·. :: f-ails . to . grasp ·'tl:l~ .logical· and mathematical:., truth that . tl_le .. 
I I ' ~ ' ' ' • ' ' ' ' ' ' 
.. 
. 
operational. chiid can "gra.sp·· thi5-4_concept. · Although the, child 
.. -: .· ·~~ 
. . :~~ 
. ' : 
' . ~ . . . . ....: . . . 
. .. · .. :'at this .stage understands' the' probiem ir:t-- an experimen~ ~ . he 
.. ··. 
. ·. 
. ... . . . 
. . 
' · 
\ 
. . 
. . , 
i 's unable ·'to ·do so.· in a ' verbai> test . . ·. 
Thus, . the co-ncrete operational .chiid is be.ginning · to . 
. . . ~ . 
· · extend. his· thou.ght f~om the . actual towzn7c;l :the· potential. . · 
' . . . . . ' . .· . . . ' . . . 
. Flavell: (196~~, notes· that tb'er~ a·r·e sev:eral imPC?rtant _limit:-·. 
• 4 .. 
. : -. 
. ·· · ~tion~.(-c~ncrete - o~erat~qns: . . .. 
•• 4' 1. The ·structuring and organizin~ act-ivity. ·of. the -· 
. ' .. ' . . . . . . . . . .. 
. . concr~te: opera'tions is . ~r-ient~ .. to~a'rd cone ret~ tht~gs and. 
0 
,' ' ' ' • .~ , r/ 'I 0 ' • ' ~ • :: .. ' '' ': .' , • I : ·, · , ' -~ ' I •• • 
. .. 
.events in the 'immediate pr~sent~ ·,-Although · the~ "so,me 
. . 
_mov_etnel).t toward .the potEmtial, .. it . is -.o.f iimited scope · and 
: . •, . . . . · . . 
. . . . • . . ,' ' . b • • . • ~ . . • • 
. consists ·mostly of simple gen·erc;~.li=?:ations oJ existing . 
. . . . . . . . ~ ' ~ . . ~ . 
. - . '.: 
. ·.. . . . . . ( . 
str.uctures ·t:a·'new content. He does·· not consider ·al:_l P9~sible · . 
event.uai'i'ties a ·t tb~ c;~~et _~nd· - ~~e~ · ~~temp~- t<?· ~iscove~ .which·· 
. . . 
u : 
·, . 
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. . . --···- --·-........_·-~ _ _..;·,..., ""'~'fllfX'!3:'~CWft· . ..;.....;_· ,;_:' '),._'_.;......:_..;__,;.;· ~.._. ,.,.;..;._,•,...,;, __ ,..,., _. .. ,.p,P,..,, &.,.,- ;l.,' ~oAAAC,;,,' _.,,..,..,.,.,.~~~~....­
~. - ~...:...--.--~- ... ~ ~ ··------
'\ ' . 
·- .-· --- · .·. 
:\ ·.' 
of · these really · occur. 
' . ' · . ·:· . 
. . 
... . . .. ·
... 
I ,_. .· 
' '·-
· · . · .· 2. The concrete ·oper~tional· -child has to · eliminate . 
·the various ·phys~cal propert·i~s· of· qb)ects .and events one 
' . . . ' . .· . . 
·. by·· ~~e bec·a~ise . hls .. cognitive ·· ·in~trume~-t~ · a+~ ·insuffi:cientl~ ·. •· 
' L ' 'o ' ' o ' • o 
.. "formal.", ·insuff.i:ciently detaqhed{ a~d · insuff~ciently ·dis\ 
. ,. ' ~~sociatect ·fr~m the :subject matte~ they reiate to ~o that 
. 
' . 
( 
. they m~y · permit · a .content-free structuring.-
. . . .. ' . 
, H • • • • •'Do 3. ''Jhe 'v~rfo~s 'c()ncret~ ~per~~ibnal systems ,exist ··as' ' 
·.· · separ~t~ isl~nds of · organization during .'thls stage ... They .do 
• '7"" . • • • • ' • • • • - ~ . / ' \ . ' , • • • , . • • . • 
not interlock to fo~ a 'simple,. int;egra~~d ·syst~ - a system· 
. . ; . . 
. V"L. 
-bi· which the . chil~ · . c'an' pa~s ~rom one subst.r~cture rto ' anotlier . . 
, 
' , .. 
. ·, 
The· various · 'cognit:-ive .. .. · # in_· .. the . cqurse · ~f a . si11gle problem. 
.. ) 
... 'struc.ttires, adequate .· though they .niay . be i~ theil; 'o~ separabie · .. 
• 0 • ,' ' ' ' ' ~ ( I ' : ... 
. -: . 
'· , 1 •. ~ · . domains, f~ii·· to_ :.c.mnbi~e int~ ·the unified · wh.ole· necessary to . · : · 
a 
. ' . 
\ · 
\· .. :. . 
. :'\ 
·\' 
.· . \ 
•' 
.· 
·, ·' 
· · . ;m~nag~ ~ertain complex· tasks·.· 
·: \, . 
,. . ,. _. Fl~veil (1968) . contends that. concrete opeFat:i:onal 
.· ·\ childrep .. pbs!;!e'ss Both .inve~sion· or ·neg~tion and reciprqcity~ · 
. . ' . 
the. two·· .kihds of reversiple ·operations _.~ · Thea~ · chil~ren do · ·. 
. ' - 1> • . . 
. not: possess ~ . _total structure : which p·e,rmi t .s th~m to' coord.ixiate 
' the two .and' sol~e m~ltivariable problems ~hich . rec;iuire this 
. , ,· . ' . . . . . . ' . ·. ' . . ' . . . 
0 • · 
kind of .coo~diriation • . Negat'ion refers to 'class groupings \ 
whereas reciprocity is f!lu~d in relation groupings~-
. . Piaqet · (l.-964), believe·s ·that til~ - operat-ions 9f. the.-· .: 
. -.. ~. ' 
. concrete opel;'ational ch.ild · are 
. '• . . . . ... 
. •. . ~ 
.. the child who . has reached 
.. \ ·, . . . \ . 
. ~ -
. ·~ .· 
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. ., , I ' ~ .. . , , , , ' . ~ , • , ' 
. · .on 'hypptQeses tand· not, only on operahons. .copeland -. (1970) 
. - . ' . . • ' .. . . . ~ . . ' . ' ' . ·. 
eritim~ra·t·e . in .,the verb~.{ ·pr~pqsi.~_i<?n .. forni ·of ded~cti~e ·~ag ·~:c~. · 
' ' 
Such .a per.son ·can operate w?--th ·the fo~· cif an ·argume:rit ~~d 
. '• . ' · '" . . . 
. ' ; - . I . . ignore· its :·empirical- content."· 
',' ... •:, ' ' '·.P ' . • • : , • 11 • ' , 
J • ' • ' • 4 . . . -• 
. · l!) . ·. · Fl.avell. (1968) states·. that the most .ix:nportant . prop~rj:.y · 
' ·, . . . ... . . . ' -· ' . ' 
of ·formal . ope~ational . thougl'~t conce.t;"n~ ~~he:.·r~~l . ye~s~s the .... 
'. . ~- . -. . ' . . ·. .-· - ' ~ . ' - .' ' . : . . 
possible. .·.Piaget·· and ·Inbel:de;- (1958) . believe that ·in formcil 
. ' 
.thought there . is a rev'ersal of t~~ di:rec;tion .of thi~ki'~g 
. . .. ' \ . ' : ' . ' ' . ' ' . , . 
. between reality and .possibility . in the subject • s method of.. . . 
• - . < ' - , . . • • ' , • ' ' ' ! · . -
.... appr~ach. · The;· . contend ·t~at ~~ssibiiit~ ·· ~o longer appearf! · .·· ··; 
. ·a~ . a~· ~~t~n~i~n. ··of a~ .:erni;>lri9.al ~it~a~ion o~ .of : a~tions : . . 
· .act~ally perforni~d, I .t · .i~ . rea~~ty th~t is now. seeondary .to . · 
possibility • .'":i?J.avell. (1968 ) . notes·· that the -formal· operat±onal 
' o • • I ' ' ' I \ 
.. ' ,·· · ~ - " 'ch~l.d ·o~ a.'dole~c~nt be9'in~ ' his. ~ons.id~ration· of the probl.em 
... ·· . -~- ~y dete;,.,inini ail th., possi~le/ "elat1~ris . that ~oul~ hOia . ! 
... · . ~ .~. ·:: ·.\~rue in the d:at~ .. and then· att~m~ts; th:r:::ough a comb~.~atior'l . 
. . ' . ' .of:..:.:.experi.mentation' and logicai ' analys.'is, ' to .find out which·. 
. ' ' 
' ' ' , . ' 
- ' .' ·I • .' o£: these pbs.sibl.e 'relations · hold .true. · :Real·ity is consider~ 
...... . ' ' ", . . ' 
.. . .. to . be .'a , . spe~fal ·s.ubse:t lfithin th~ .totality ~f t~i~~~ · whlch · 
• . • .. ' • D .., . 
•' .· ·•. - . . . . " . . . ' 
. . the data : ~ould. admit. ~s hypothe.se.s •. T~u~ conclusions are r 
• • • '1- ,: · '. • •• • • .. ' 0/) . , , I , • • , 1 • ' ' •• , ' • • o'\ 1 . r19orou~ly deduced f?=om prem1.ses. whose .. truth .1.s X:~cjarded only 
'· . ' 
·. · as hypotJ'ietical . at first·. : 
' 't ·, . 
. . .. 
Flavell.-.. (1~.68) .' l_~sts three characterisd.cs of formal .. · 
; ., 
' . ~ . . . . · , ' . 
: · thought .as impli:ed by the.·-above cons:i,deration: .. . · 
' C) • • 
. . , , 
·· ' · . :. ·. 1 • . A cognitiv~ st.rategy. "'hich t:ri~·s .to de~ermine . .. _r- . 
-.... 
· , .. 
. : ' . . '. . . . . '. , . ' ' ' ,'.- . ' . ~. ' . . 
... · ~~al.'ity withln · . t·h~ .··c.o.nt,e]Ct of pos~il~lli.ty · i~ : fu~d~mertta'!iy 
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.. · ·. - 2:. • .lformal thinking is, · aboye ·all., propositional . . . · · ~-
. . . ' ~ . .~.:. 
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~re working at· the concret·e operational . st~ge • . · In. this .·study 
conducte:d ·in: Oklahoma·.· sch~ois, . they- st.ate . that 78 ·of 94 
'.; . :- . . ' . ' . '• ~ · . :' ' . . . . . ' . . 
students ·tested -at ·the Grade 9 le.vel were working at the 
. ' . . . ' . ._. . . . ' . ~. . 
. con~rete' op_e.rational· ).evel. , Lawson· ·and Renner (197 4) note 
that '6£ l43· college student's, . selected .from over . j 0 0 . freshm~n 
... .. · . . ' . . , ' :·· . . . { ' ·' . . .. : . ': 
~tud~nts• in. a priv~te . university in . oklahomct,· . 51% .were._.class-
. .. ·: · . . . -~ . . . · . . . · . 
i.£ied as .c.on~ret~. o~al.:. Nordland_, tawson·, ·.a·nd Kahl~"" 
, .. (.l9~4) ·'co~t only 1~.2%·. of 506 d1s'advanta.ged stu~ent.s 
. . ' .···· .!. from a px:edoininantiy . blac~ u~pan senior. high school . wer~· . 
, ·, 
·.··. 
' ' : 
\ '• ' ,•1 
'• 
' 
~ - .'~ea~on.i:ng,· at a fc;>rmal ope~ational ievel. The majority: were .: 
. f6~nd"-t~ -.~ ~o~cr~te .thf~kers. · Koh~·be:rg and Gi'U~gah (l971)' 
cite a study by Kuhn,· Lenger,. arid ' K~hlberg where the peic~nt-
:'ages of 265 persons at 'yari'ous ages 'showing clear · f~rmal 
. ~ ' . . . . . . . 
.' ~ . 
operational :r·easoning at ,. ,~he pendulum ;·task ar_e as 
age tf:m ·to fiftee~ ·- 4s,·, age sixt:een to twenty. -
follows:' 
' 
?3%, age 
' , . t~erity-one . to thirty .- 65%, and age · for:ty-fi:ve .to ~it'ty ~ 57% • . 
I 
·They conclude· _that these 'figure's indicate that it is not · 
. . ' ' . . 
. . .· . .. . \ . 
: until -age_ 21 ·to-·30 that .a clear maj.ority ·(65%) atta.in formal-· 
. . .• . . . . ' . . ' . 
r~asoning. Elkind . (1:,96.1) .questions th~ age ~t which con-
.. ' 
ser.'U'ation of volume appeat:s. · ais: exper:iment . indicates .a later 
. . . 
age fo~ this ·_att~inment~ · . ·Tower and Wheatley ·(1971.) · found 
only' 6l% 'of cplleg~ 'studen.ts . demon~tra'ted understanding o£. 
:. .... . ' ' . 
·. 
abstract . co~cepts of voi\une •. 
·' 
-.. As most .. rese~:rcher~ do ag.r~e. Piaget. (1964) contends·: 
. ' 
. . • ·· . . .. . ,· ' ' •. t . 
that -_the : ordering · of-· th.e ,·stages ·.of.· cognitive· deveio~ent · is : ... . 
.. 
:· ,. ' 
-~o~s~nt but the - ·ages . .'~t whi.ch \he: stages. are ·re~·ch~· m~y .·var1/ . ·. 
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· c;a~adian psycho ~og.ists ,· Monique ~au_rend'eau ~nd. Father ~dr ien 
• ' , • •" • ' :. ' ' • , • ' II 
from one spc'iety to ·another. 
\ . •' . 
He gives : the . e:xampl~ . ?f two · 
\ • . ' . 
P·i~~rd, · who: performed studies· in ,. Quebec, Canad~t . . They d.i;s-:-
cerrted th.'at stude~ts .in Montreal . a~quired 'the .cognitive ·.stages· 
. . . . . ·: . . . . .. . ·_ . ·r . . . . . . . . . ,·. ·.. . . . . . , . 
of. development at approximately the' same 0 a,~ 'as .those tested 
. -. t .. : ' . • 
·.·by P.iaget. · .When· th~y a:I>plied · -~imilar . te.sts to · student~ fn . . 
.. ·. 
' ' ' 
· .·!""present st;~dy_ has attempted to . fi'nd ·out: if .Gracie 9 students. 
~ ' 
in 'a partiCular . high school· a:re ·workipq. at· .. the :torn\al ··op'e~ . i 
. . -~tibn~l -~~ag~. ~~ere i~ .mu~h e~i-den~~ ~o ·in~i~a\:~ t~at t~~Y-· ·./~· · · 
•• 1 , , , .1/' . · , , , · , · . . , , :;r , 
0 \ ). need ' not be · w~rking at . this l~ver ~ . . / 
. \ ' . '·.' ·~. ~-:/ ,. I 
In. a study . c;:onducte~. on early- adolescents . in:. ·Grades . · · 
- . . ' s and ·7', ·- ~ Keat:i:ng 1(1975) .- cia_ssifi'es · ·th~ -~tudents by psycho-:- :· · ·· · 
. ' 
- rnetrio· testing ··as bright arid. average. when ·these students 
. ' . . . 
.. 
. .- · ·were evaluated on Piagetian . tasks, · K~ating 'notes ~hat the 
' I : ' ' ' ' ~ ' ' 
·.~· . 
. '··. 
I -
. ··· ·· 
.. 
\ ' ., 
bright ciroup evideric~d 'formal operations fa~ mcn:e frequently . 
. . " . . . ' . ~ . 
. than: the avet:a'ge groups · of .the same 'age • . .Simila~ly' DeVries 
. ' 
. . . .. . . I . . . , . . 
· (197.4}· .was aQle .to . find a relationship between ·.· the bright~r · · · 
'' ' ' f ' • ' ' • • • ' I ' ' / 
. . ' : . ·.. . . . ' . . . . ' . . : . . . : \ . ·. . ·'/ . . . . . 
, students and_ the;i.r performance . on P iageti~~ ta ~ks , · but/ between _ 
f·.- . · 
c I 
· .. the ·other groups of lower. i ntelli:gence, · DeVries . . was · 11ot a _ble 
. . . . ' . 
. 7o . establi.sh the ·-same' r~leti~nsh.tp. . In a study on male 
• , ·~ , • \ ' ' ' I ' , • • ' ' • ' • ' ' • • • 
adolescents. of ages :12~ 14, and 16 ,., Youdin (1966) indicate·s · -_.·_. 
.. , • . . . .. \ 
that the cieve-'lopment of formal 'thought .in· adolescence is···an 
· .:i.nterac.tion of ~ge.- and intelligence.: · · 
. . 
. , . . . 
·In the pr·esent st\l'dy, a ·:felationshi? was :sought -. 
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.. '}.· he~e . is . th~~t.:·s~q·~e~t_~ ---of.;_ :.above' :~v.e~age _ a'bility·. hav~·:: b~en :· .. _ 
. . ..... I .. . . . •· ' ' I • - • • •• • • • • • .. • ..... ~ 
placed· :. in·. ~be · i!~·~atirs · ~tre·ar!f,:._ s·tud~n·t·~ .. of -~yerage: _ a~iiity . 
. · -~ --· .. , '-:··:~ ~·.· ·:' ~ ~ : .'.· ·•'. ,. • . • . _:. ,'. · .. ,:I .· ~ ', . : · . . .. ' ,• ·,. , .• ·.: - :·· ·· .. ·. :. , 
:have· been placed- i:n the'' Matric.ulati.on -stream, · and -strident's . 
.:·:_:-~. - -- - ~---· ·. ' · .. ~ .:·· .: . ~ -... :._ .\ .. >:~ .- \.·~-~-: __ · ... _ · __ :_ ·-... ·:·~- _ · · ... __ .. _ .. _: ··.~ -.. ~ .. .;' . .<: ··· ' 
of J:>e:'low, averag~ ?ll;:>:~:l:i,.·t~~-- be~ri . ·plac.ed . .in..·.the · ~re~· 
·. vo~~tion~i ·. Mathemat-ics· .. ~-tr~~~-~~~ --.c~~~-~~h~~~iy-,·'i~·--,~~~-id . he 
~.. ' • •' I • , ' • \ \ ' , ' • ~ ' ' ' • ;' ' ' I 
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PROCEDURES IN THE. STUDY • .. . ' 
.. . 
(» ' ' . ·. . . . . 
·. -· . -T-his ,chap.te~ _wil1 describe'_!.:he activities· use~ ·to .. :-. . 
. ·' . . . ·\.· . . . . .. . 
cn~·~sify s~ude;nts ~ccordi.ng t~ 
. . . . ' -
th~ . P~agetiari·· Gogriitlv~ level.s 
. ' . ~. . . ' . . 
' 
' · · . . . . . . . ·'i 
of ·development; . the. procedures 
. . ' . . : . . ~ 
followed i .n c;arry;tn9'. out. ·the·· · 
.. 
. · . ' 
study; · ·and· the·limit~ti.ons ~of -the study. · 
. - t. . ... .. . ' : · . ' 
., 
·.' 
. . • 
. , ' .. 
~ . . . 
. '-
. ;· .... ·· A~tiv.ities : usM_.·fo.t classifYing st~de~t~ ·.. · .· .. · · / 
::. _ln~o Cognitive _ Levels of Devel~pmen_t ·_·: .. _,, '·: .._ .-· :·: . 
~ . . . 
' • . . ' 
. ' ·' 
. >. ·' .'-· 
: I ' o 
. ' .• • 1 .. 
' ' I • • • • 
. ··. , . It .was decided 'that flue activities WoUld be' used 'to : . . ~ . . .. . · .. 
.· . . 
. ~- . . .. ' . ' - ' ' ~ : -· . ' ' . 
. · clas~ify student;s into .the P,iff~rent l.eveJs of cognitive . ·' . 
·~ ' . . . . . . . . · , . . . 
The -first three activities were U!:!ed to. deter-. .. ·." · . . ·. 
' J ' ~ ~ ' : • • ' • '. • • • • 
: deyelopment. 
. :· . mine .''if the . student . had' acqui~ed ·the prerequisite s.kills in· . 
. · . . ' . ' ·. ' ' . . 
.• I ' 
· ·· .-. -- the c~ricr~te . operation~t· s .tage ·. o£· de~elo.Ptnent. : This .. break .. 
. . . ' . ' ' . . . . . . . . . .. ; 
- ~ down of · clas~iflcation- wi_l.1 : b~ described · in .more :detail in:. · 
.. 
•', ' . 
. . . ·. :· . ··.--, the· next · s'ection. · In describing .the ff.ve acti~ities . or , tasks;"- .' 
0 • ' . • • • • ... • • • - • ' • • • • 0 • • ' ' • • 
' ' . . \ 
. .. the materials used, the procedure which w~s followed', a.rtd ~he 
• • • • • • • • ~ · • ' p • , ,' I , . I • ~ •' • ' ' ' : ' 
·. · stag~ _ at' which fa student can b.e expected, to perform ·. ~his · - task 
-· . ·ar· po~~i~ns . of -the task,- ~.i~l .. b~ out~ined. 
I.' . . .· ' . . . •. , ' : , 
These five 'activities we.re· used · to c~~s~ify· the. s _tugent _ 
. • • • . • I . . .. 
: · - acCOJ;'dinq . to . the 'fql.lowing accel_:)teq · s_cheme ' cis Pia get · and . 
. ~ . ' 
· .. 
>' tnh~ld~r (i 95 8 > use i:eg\llar ly . t~o~ghout their · w~rk: .. 
. ' . .: . ' 
. . . . : . ~- ~ - ~-,not _ ·~e~~h~ _~he_ · ciohc;t!'t~o~~ra~io~al ~tage . . · · : .. : 
. ·. 
·:·' · . 
• • • ' • • j • ' ' ; • • • 
. . ·.·_ .. . . . ' ·· · .. IIA~ transit~on. il\tO the _c;::oner·ete· op~ra.tional stage-. .' · 
' ... . · . . ': : . : . . . . . .; . . . . .. .. . ~ . ·: ·: . . . 
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. :IIB::·working at the -concrete operationa;t:· .stage> 
' o ' • I ' I o ' ' • ' t ' t 
t • ' ' '·. ' ' , • •: '•,: , , ' - . , · ,' ' ' I , 
IIIA: :~transition :±n:to ·: the. ·formal · op~rati.onai' stage • . : · 
.. • .• , , ' • . , • . ~ , • ' , , , . . rl • • , : • •· 
... : . ." _I ,IIB i :.workil'i~ :·a.t 'the · for~a.'+ oJ!>erationa~l. - .~tag·e • .. · .· 
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Task. 1. . ·Conservation ·.·.2!: Solid. Amount.· : : . 
. --.- .. -
• • ' I ' ' 
. . 
. T:be. st,~ci'ent .shou~d: b~ ~bl.e ~0 perf~· .thi~ task at ... ... 
. : . . . .. : ... ~ . . . . .. ·. ,I . . . . 
_ag~· ·7 or . ~ . ~ the-' ea.rly· part o~ - the. concr~b:i ;o:g¢ratiomil 's.tag~. 
. . ' ' . . ' . ' . . . . '.· ' . . . . . . . ~ . '. '. . '' . . ' '. ' . . ' : 
T~o · pie~es of' clay· of · diff·ere~t coi.ors, : for e:x~mple ·:red 'and . . 
_ , • • · , ··, , _. · ~··, , ·, ~·.' • ,' • • • · • , '.!. '.·,, • · • • ~. · , ,'• ' 'I, , , ' --~ ~ ' 
.... . :t)lue,· .were .' ro.l;le~ into bal) .. s 0~ equal., s~ze . ... · . .. 
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.. ··· . 
.·The_ ~~~dent . \'fas · ' ~·sked·· if' h~ ag-~ee~ ~ tha~ . they had the same.· .. _ ...' 
. ' 
If ···he· ·d.id . nat· agree, .· then ·he ... 
: ·, . ,' . ' . . . ; . ; . .._ ' . . . ~ · 
.. . . '· . . ' \ . . . : -· . . 
. · ·amo~t· :of . substance in ·tit~·. 
.. ·.:.- , . -wa.s .:asked· .. to: ·~ix· .them so .that·.:they. bact' .th~ same.,.'am()unt .• :. '\Wh~n 
· · .:.:t~e .. _ st·~.ci~~t·. ~gr.e·~c1 . ~hat the ·b~li~ · had th~ ·-s~~e -~~o~~t, ··~ne . . of 
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·:- - ~ . . -.th·fa . bali-~ -w~s diStOrted~ - ~ Then the .-stuaerlt ~as asked -whether · · 
.. : . 
' 
-· 
• . 
: . ~v 
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I , , : 
! • •• . . . . . . . . . . 
.. . '. ~-
' : .· 
.. . 
. . : .. : · .. ' ~here· .was m~re' .stibstance . . in:. ·th~ r 'ed ':ball . tli~ri :the . blue ·ball; 
• : ' ' ' • • 
4 ~ ; ,. • ' ' ' • ' ~ ' 1 ;: , , - _, , 
. ·. 
: . ·.· ... ·. · · ,"' . ·:whether t;bere was more s~bstance · in"the . blu~ b~,il thim the·: 
·, . . : ~ .. . : ..... :. ·, · . . . ' . ·. . . .. _. . . . _.\ . . . . . . . . • . . .. 
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. : ' · ···.: . ·· r .ed bal,.l_. · or 1whethar ·. t::hey : h~d the. sanie .: amount. 
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' . ·. T~sk' 2, ~OnserV'.:tion' o£ Wei<;iht · ' · , : . _ . • ··.· . .· . : l . 
The st~den~· :~hou:Lci . be. :_~ble - to per_f~rm_ .. _this·., ·t.a~~k ·.~t . :: . ~: _'; . . · -'\-'::: · 
- >:' .. . . .. ' • ' ., • - . • " . . _, 1 . 
age 9 or _'10 -· tpe ~iddle par~ o( ;the' concrete operational ~ : ... . . . . · .. . J · 
~tage. Tne fo~a~ ·6ii.· ~·~{-~ .tas~ - i~_j~il~+· . to .. t~at ·· :f~r : .~h~.· · :·: ·,, ... .:.: ... ~ - ~: : · . · 
·fi"st _a0ti:'i1:Y,., · -r.roj ~iec_e~ ol ~laY o~di#e~ent cot~r~'· fo:c ·.. , l -
~- ' examp~e . red ~nd b_~-~e~ wer~ ~ol.led' into . :b'a"'li:s' . of. equ~-l. si'~e.~ . ·1·.: 
Tl\e,··s .tudent .was ali?wec{ to· ad,d .. or. subt~ac~ .. until. . he. agre(;!d ·_. .. 
.. . . . . . ' • .. 
. :. . t.h~t · .tt:te · twio·· bails. y~{ghed exac~ly. · t~- same~ · ~ ' One-. :00:11 was . 
• • ' ' ' . . • ./ • ' I . : ' ~ ' . ' • - .. ' • ' . ' : . . ' ., ' • , . ' .- - : ,• 
.: · distor.ted. · After. the ·bal.T wa·s distorted~ the student ·d.id · · · . 
' ' •' • :' ~ .. a.:. ' ' ' : ' -~ • ' ' •' ' ' ' • J • ' ' I I • : : •' ' 
.... .. - . . . : 
-not·"-·touch• the ball. . agilin~ T_hen thef . student was asked whether ·. ·~·. 
th~ red bal.l .was. ·hea.vier than · .th~ - .b~~ one~ ·whether : the .. blue . . .. 
' ' '. .. . . .. 
,. ' 
l'J '• ' • • · • '., 
ball was' heavier· th:an-' the red one~ :. or. if·. th·ey both· ·wei9hed . !. • ·• .: • · • ·· 
' the same. · 
1 ' ' ' ' ' • ' • , • ' ' " ' ' ; ' • ' :i~ 
, ~ I 
. ': . ~ . 
. ; , · 
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1 • • • • 
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. ' • 
. .. .. 
- .. " 
• .•. ' . • •• !_~ 
• • "• , · ' •; I 
It ~. ' ... • • • • • ' - . . ': • 
: .. ~ T·ask 3. conservat1on 'bf. v61ume ·, . , · ·.. .· .. · · 
• .. • ' ' ' • ~ ~ : • ' • • ' • • • ~ • • • • • ' . - • ' - j 
: ··:·According t'p Piaget, ·-t;his_ abilityoi~s ., 'usually d~vel..: : ·.~ . · ·· ' . . - ·:· 
. ' .0 ' ' ' . . . 
:_.\. · . · ·op~d. _to~,ards . .the end of the .concrete . operationa::l p~~riod.:· Th~ : ·. ·.: ~- - ::,;:; 
' ' ' . I .;: ' ' ' • !, • ~ 
• • 6 • "' • • :- • : • •• • - • • ••• • · - ' • 
. . student was .pre~ented with ·~wo· · identical! .beakers containing . · .. · :: .. ·: 
D' : t " • l • I ' ' ' ' ' o. I ' ' • ; ' • ' ';, 
_ ·. equal amounts o~ water. 
1
_.whe_n th~· st:udent .. :wa~ c~nvinced· that; . · .. : . . :~ 
• ' I ' ]• • I • ' ' .. , ,. 
i;:_h.e two amounts. were equal, o~. w~en he adjusted · the two . . 
. .. ;, . ' .• .. ' . . • . . . . ' .· . : . .I ' ;,' . ' . . . - ~ .. , .. . 
·. · .. ; . : . · 1evel~ of .water ~until :th"U¥ w'ere equal·, he was ·then ·'asked 'if ' . . 
. , . . ~ c·~. ·_·, _..: . ' : the . dist~r~~d .ba~~· ·-~~ :_alay_ · (f~.~m · ~e' ~revious. · i::~~k) ... w~u~d; ~ ': .. : . 
. . . . . ' . . • . . ' - :. .  . ' . ' .' : ., . ·~ . ~ . . ·,, .;... . . : 
:· . 
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. ' 
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. '· 
· . ;, .. · 
· ... ·· pus~· t~~- .reve~ up .. mor~ ' . · i .f · .. th~ ~ond!s~o~ted ·bali . of c .l':"YC · ·· ·: ·· · ' . . :. _·;; 
.. :.· . . .. ' . ' . . - ' ' : . . . . - . . . . . . ' ' ' ~ . \ ' . . ~ -
would pus~ 'the i.evel up mor~, or if the tWo "amounts .of ciay 
• • • • • •• ' . ' 4 • • - • • • • • ~ ':, • 
. ~ ' . . .
· :· ·? .. :. ~ould 'push . 't:ite · leyels up · equally; ··s~cessful:. complet~o.n . ()i··.-: ... .. · 
. 
. t~e . ~~sk p.l~~ed . t~e · studen't'i s · .i~yel at· the minimum :a:~ .· IIB: : ... · · .· .. · 
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. . .Tilsk 4 .. · The ·.OscillatiOns of . a Penduluin · . \ · 
Tha ;mate:tf.ai ~~ed · in : ~h~s task consisted of a · st·r :ing ~ . 
. whi.Ch could 'be shorterl'ed ' . ~r ~engthened from'· a ".· s.ta~d, and ·!a ' ,: . 
,• .. ·. • . ·.. . /··. ·. : .. . .·. . ·. - . . .. · 0 . . .. : . " .: 
set .. of· three weights~ . The.' variables. Which the student had .. . · 
' . ... . . ' 
,··,. 
; tO. COns'ider were the . length.: Of the· String 1 . ,the Weight :of; 
' • ' ' • , 0 • ' I '. , . • ' : ' , · '. , 1 ', : ' •• , , • ••• • • 
. the .pendulwn · bob.~ .· the·· .. heig~t of · the .release point;, and .the 
. . . . . . ·. ·~ 
' . . . 
force of' the push given ·-by the subject when . he released ;the 
,• 
00 
' ' ' I\ I 0 I 0 I 
pen:dui~.. . . . 
.. 
l.Th~· ·, student·-~as · re~u.i:J:'~d to'· observe . the·· pe~du1t1m .. · · 
' . ' . . . . . . . " . . . " . ' "''· ;' . . . · . . '. . . . . 
whi:J,e . it · was~ swinging and .·tO · vary the, facto~s· noted above •.. · - · . . :. 
.. . . . . ..... ,• . . . ' . . . . 
.' He h~d . ·to. isolate the ·one vari.able, t}ie f~rigth of the string~ .. · . 
' · •, w • ' 
. " . '• . 
:·: ·, . wltich ,af.fected 'the freq':l-ency of' the :oscillations 'of ' the . 
. · ; • • • ' . It•- ' . . • . • • • . . . . ._ • ' ' ' -~ • • 
· : · :_ · pe~dul~ The following- provides some : indication · of the 
. ' ' •' .. : . '. . . ' . . ) \ ' : ... .. 
. ·. b~~avior ~.f ·a .student. 'which could be expected · at the categories:· · 
. .. 
.. ~-
~ . . . 
· I, IIA, IIB, · IliA, and IIIB as defined previously. 'These are 
. ·' . . , .. ·o 
·  ; · .'0' · · . ..... ·: ··g~idelines which w~i:~ ·taken · from ·the s 'ection ·which Piaget arid 
• . • < i~he;Lder u95o~o.te on' the oscillatioit~ of a pendulUm • . . 
' · - .· · ... ~ .·. · ·. . . .. Stage I. · .s·tudents a,t this . stage have no organized 
. ,
1 
. ~ .. 
q': 
. ·· 
··,J .. 
,, 
. . 
' . ·' 
. · .. ") 
.. ~ . \ ~ · ·. :· ... 
. t\': ~ . I I, .. '' • . • • ' ' ~ ~ • . . c. ' • • '· ' ' • ... •• I • •. • ' 
· . ~~ner · of l;!.tt~ckiPSJ the, .: pr·oblem., · .. The~r - e~p~ctat,i~f1S of what . · ··· 
:~, · ~~ou~d· . ha~~n: ~ro~ih{~ the~ froxrt -o~.s~·rv.ing _ _!~at ·i~. ·.~c.tu"~lly .~ ::.:···. , . 
• ,' ··h;ippfmincj.. · The• su_bject .is . u~a9f'e' to 'disassociate ~he impe~us 
J 
.... 
~-
. 
. . 
. · . ..:t : : > ·· : · ·~hich' h~ giv~·~ th'e ·P~~~ul~ tfc:m···the motion which .. i~ ;in-· 
•. •I? , Q ~ 0 ' · ' ~ ' - • g .. . 
'· 
·· .. ·: .:~epepden.t of_ hi~ ~c~i.on ~ , : . ~ . , 
. - ~l .· . . ' . . . • . '\' :· . . - • . . ' •. . . ~ • 
, . ~ .. . . ·Stage · ~rA~ .. .. At_. this _-~\int· the, s.tud,.en.t c;an order th~ · ·, . 
'. ·· ... · ,', . , . l~g~hs, el:evations '·abd·pu"s'h~s ,.but · he ' is · ~pt . to c6nbiude that ... 
.· . 
. ,. 
• • • •• • • • : • : . ' }>. , • • • '· .. •• • • (J - ' • • • •• • f , " : • • 
~ ·~· ·:. · . : ;:·. in~re _ :thari ~n~· .~~~i.ab~~- is reievan~ ~o . . the .J?:r:~~l~. :· ~~ ~~i1· · : :. 
·.: .::·. ... . . ~ost lj)tely determine that ' the '<push.' pas·'no'\effect u'Po'n the ·. ·.,: 
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natUral· ra·te of . the pendul\lltl. · · He ~ill co,nclude :th- . severaL. 
: <;> • • ••• '. ' • • ••. '·. • -~ .~ • •• ' ' , :·, •• •• ,' • • • • • • • - " - ' . 
· _ variab~es affect ~ the ;frequ~ncy ·of' -t,he "pscilla~· n!! be¢ause 
' • tf'' _..-•• • • I 
. . - h~ var.ies sev~ral· conditi~~- _~imtil~a~e9'usly; .. The -~tu~ellt- is 
:. : •,' unab_le to :d6·· -~r~e~Thg · .~l~h ·w-eights · -~e~.; . . ., 
• • •¥, - • • •• • • 
• .. ' • ' •,' : '1. ' , : ' •, , ·' : - I I : ~ ' ' ' ' ' • ' '• ' • t 
·; ~t~7:)IB.~ \~h.~~ . .- sub_jec~ , can - ·\_ -~ : · a::n. accura~.e ~ ~F~e:Jiing· 
• . ·.·of . t~e ·~~of. ~eight.' i b"t he ti.1~ :cannOt: alwaYs sepata.t~ .. 
_ _- the : yariables~ ·The . s_ubj'~c:ts s ±ll lack a formal .combinatorial ' 
. . " . ·. ~ . . 
:. ·· .. system. : They still·· vary s . ercl'l :factprs -siltrultaneo.i.{sly ·so . · 
. "· . . ·. ' . - -· . · . .. ' . 
tl'i<J. t; wl)~~ · they s~·~- a. ·.c nge: in· _.c(n)-di tlons occur;·· t .hey · ~~~-- _ ·. ' . . 
· · ' lieve ' that it i~ ;the.· esuit· ·o:f . each - ~ne ~f - the :f actors;·.· .\ 
. ~j~ 
.~ '-J 
..  
•. ~ . 
. • . • ·o . ' • · • . . . • . . . • · o . . 
·.... .At ~his !3t~~e .the · child · is .. abl.e .· to_ .. r / ... 
s~p~i:-a'te t~e / iable.s, but be d~eS not. ~o ~t in a systematic · / ' 
_niannfr~ .. _. Th~f~~~l oper~tions.-·are _ present but they-·!ire no~ : · 
• • • • • • • ' . _ 0 ' \ • • • • • • • • • 
ly .organi.zed to '. prop~rly __ m~nipulate the "Combinati on's 
. . . .. ' . 
( ' ·:. · ' . .. . .. 
- . . 
. ;. . . 
~he .tenden~y, st;.ill .'~xists to vary .two variables • ' <l 
' • . 
simultaneously. The 'student is able to determine 'the true · ·. 
• • : - . • .. ' • • ,. • Q ' ' • • • • • ' . ll' . '. ·:. • ... • c . . ' 
· impiicatiohs but he ·may still be unable . to eiiiiiinate . the · ·.·· · 
. . .· .·. . ')/ .. . ' ··.. . ' . ' \ . :. ., . :·· ' . . . . ' '. . 
~- . 
false ones . .' . 0 
.· . .. 
Stage_' IIIB. · Now M'ie ~ub)~c·t· ca~ is~la~e ····vari.abi~~ 
. . ' ~ : - . . . .. : ·~ ' . . ' . . .. ' : . . ., 
o' .• · .• · ••. : b~ varyln~ 'one fa~ tor whj:le · hold~n~ ' -ali o~he:J::_r · co~~ta~t-~·-... 
' • • . . . ,; • , v· C· ,~ ' 
. . ' . . . . . - . ' ' . . . .. , \, ' . . 
. · . .. , : .. . He is.· able to exclude the one ":'arial?le . ~hich · pl~ys the causal 
. : · ··: ._ ·' ' · r~le.· .. A ~~~pl,~x -~ombin.atori~;I. · sy~~.eni -· is-: no~ in. ~'p~r~~~o~~ 
• • • ..  " • \ ' . ·~ 4 \ , ·_ 
•• ' • • \ 0' .. , • 
-:~- :._ . . . . \ .. 
·- ... .-
I ' 
.; .~ 
- .'• 
, o ., I · , ·. ~ ·,.· ~a~~:,~~ . '. ~o~i~a~i~ns ~£ Col~rle·s~ : ~hetnic~l ·Bodies __ ·. -: >< _· . . 
· ':· .. · ··. : ·.. · F.o~ ._si'nii-lar· containers hei4 color:t.es_s, . ~~orless · .... - ·_ I .: ·· " 
.. • \ ·~.i~u~~~; il .di~u~\$ul~h~~ic ;ia l.~/ 2) w;ter, 3~ .~Ydr~g~n · .. ·.· /. . · .. . 
' ·~ . 
I . , 
pero~J.de,. and 4_) .thJ.osulphat~_ .- _ . A .. smaller cc;mta~er, labeled · · · 
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''I o 
.. 
' l 
' • . . • • 0 
g , · .. contained . pbt~.'ssiu~ ·.io.dide. The .~tudents used droppers :. -._-,_. 
. . : '' '. . . . :: ' . . . ·. . ' . . \ . . . ' . . . . 
.. ·· · ·and . test tubes ~or rnixinc;r' _th~ :ol~ti~ns. · · ·Ea~h·. ~t~dent . ha~ · .. ·· . _· 
-five droppe~s, . . orie by . ·ea~h 'of the 'liqu.icis 1, 2~ .. 3, ··4,- and g ·. ·. · ' ' 
' • ' ' <' , ' • • :,• ' I ' , • ' 
.A __ test ~ube .. .. cont~ining i>· d~l-~ted- sulphuric .. acid, ~~~~J) 
·. -\ . ·-~ hydro'gem . perq}dde~ · was presen.ted . to the-:st~dent~ Th~ sUbject 
. ' . . -. .. . ' - . ' . • ' 
. 
. 
student· watchecL· several ·. drops· of g · .:.. ·potassiUm· io.dida · :_ ~~re 
• : • . . . . •, : ' . . . • .. 0 •. ' : . • . • . . . . • ' . •. • ' • 
add~d . to .the test tube with .a .dropper·. The ll.qu~d turned· 
. . . . . . . . . . . .. . . 
. . . ' J . . . ' ' . ·~ . 
y~llow: The-student was then asked to ·reproduce this color. 
' •. • • • • • • I) . ' . - • : ' 
. The following ,indic;ates . the . behavior oOf a- student which couid 
... .. 
''!l 
' ' .·. t. ' . . . . ' • . . , • . . -
. be . ~~,Pected ·at th~ s~ages I-, .IIA, IIB, IIIA, . and IIIB ··as .·· · .. -· . ·: ::_ · ... 
. ' ' 
. def_ined previous·ly. These are. -~~idel ines whfch were .. taken . . ~·. > ·. ! • . . , 
' .. ·• ·' 
: . . 
_ from \ :he s~ction' -which Piaget .-and .Inhel.'der (195~) wrote ·on 
. ' ... 
·_: .. : .' .. ·~ 
. . -~ " . ' 
. · coinb~nations of. col~rless ' ch~ical bodies .... 
· , ' 
··. ( 
. ' 
: . .. 
. Stage I. At this stage the students randomly assoc-. · · 
·. ~ . . • • . . . ' . . ~ \ ., ' . ' ._ i . . ', . ·. . 
iat-e .two:.element!> . at a time·_and explain-the re~ults in 
. .' 
. ' . . ' 
. 0 ' • 
prelogical causa~ity • . 
: . I 
. ' 
:· ~ '. . ' ' 'I S~a~e IIA • . _At this .stage ~·the· subje~ts . mul-t;:ipiy · ·al~ - ~ . 
. t • i. 
. • ) the facto;rs ·1 to · 4 by .9 •. 
~tage IIB. 
\ 
Now a . p~elimimb::y ·a.~t-~pt at :c~mb:Lnation . 
ci · 
: ~· ' ' ' 
,._: . . is obs~rved but only by .tria l and error~· :.;t is \msyst~ati.c.; ' · 
. . Stage IIIA~ · At· this level : the~e ·.eire .. t~o. things ~hich · . ·. ·. 
~an be noted: :1) ~· sys~ematic . me,t~od i ,n : the . u~e 0~ . ~~~y.:.n : ~----~ ·, ~ .· .. ·:~ 
. . . 
. c~ffil:,i~ations, .an!i 2> 'a~ 'understanding· that the ccnor is.- au~ 
. ' . 
• • • 0 • • • . ,:· ' · . · ., 
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, .. keeping: the · roo~· 'out 'a_f ' :(i~it 'from homeroo~· stude~ts after . 
·:' s~~o~l :was: firiishe~,. fiil.in9·. ou~ ·t·h~ . · s~·~~e~t . re~~on:~e . sh~et~ · 
. ' ~ ' . . ... . \ ' ' 
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-11 - r~merilber.tng ·.to mix the ·mixture .• for Task. 5 b,E!for~ _ irib~rviewing ~ -
.. . . . . . . . .. 
, · a stud~nt, and• th'e · type ,of que'st_ions which the inteil'Vi~w~r . . 
could. ask. It · w~s ~g~eed that ' n~· · qu~stio~ : ~o~ld . be. ask~d . . 
' • , ' • ' ' • '.. ~ I ' • ' ' o ' • ' ' ' ' e ' t ' \ \ • o •: ' • ' ' ' ' '. ' ' ' ' ' • 
which: .would, give . away ~a .solution .to the exp~riment. ' a~·t such ' 
• • • • .. • •• • • • • • • ' • • ' • •• • ' • J ' • • 
quE}stions as "Is .the~·e · · a~yth~ng ' el~e you c;:~n 4o?"·, ' "What · did. 
. ' . : ' . . ' . . . . . . ' . - ~ . ' . . ' - ·' . ' : . . 
· . . · · you ¢1eteJ;Jllin:e by do~ng ~ this?", ' -".What . affects · the· rate of th~ 
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- ~~ing'ing of .the . pendtil~?", wer.e ·~ccept~bl~ •, questio:ns. ' ' it ~:· 
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wa:s also decided ' that ift:he. student determined thecorrect · 
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mixture · for Task 5 qu'i~kly, .tti~n he would be ·asked if he 
. () . 
could . find o,ther mixtures ,' which would achie~.e the same result. 
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• ' • • ' • I ' ~ • ' ' • ' " ' ' 
. . 
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twenty-five arid-. thirty:_five . ."minutes. . Each .subject· wa.s · ~x:.. . 
. p~s~d · t~·. · .the · fl.~~ t~~~:s · a~ · out~~~e~ pre'ld.ousl;. His behavior 
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... ·: : . . · · . . The. -~~-~eri_a~s ·.f6r .trie- task wer·e pr~~are¢1 a_t l~~ch-· 
~i~e · ap~ it tc:>ok .-~en '~t·o f;ifteem . miimtes to· ~distribute ·the· 
. ' m·aterials 'to -'the . ~~~~. ci.iff~r~nt 3:-pcations. afte;-. schoo"L . 
This gave "the students. a. break·. frc;;~ the. ~o~~i r~~ti.ne of 
•, . I the day before- the ·interviews c.orrDhenced~ · · 
. .. ·· . . . . . . . . . 
.. Students were , ~ot toid . th~t .the·y . ·were to b.e i~ter-
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·' sched~led ~-~· .. This li~i. ted the·-amount · ~f · conuilllnication and '.· ·.' : .. 
curiosity co"I)cerning the · study~ · Simil,arly, - - ·· · · ·. · 
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• • • • ' ,' • • • • • 0 • . ' . .... 
! • • 
.. 
. . . 
. .. . 
. . . 
·~ 
I o '• 
- ~ 
.. : .. . : .· ; ·; -. . ·' ' . . ,• '• . . . • : . . .. 
I • 
. ·. · ., 
•. 
.  
. · \ : , 
.... · . ;,·· · ... · ·,: 
, . ' '·- . 
•. 
· . ·"· :. . · ·: 
0 0 ' o 0 • 0 : o ~ o o o o o 0 ' , o o M I ~ o H o 0 • o 0 
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A~ well~· ·the ~tbd~nts ~t· ~he . scQo~i· · are 4oing :a: ~r-~~v~~t.i~~a1 · . : ... 
I I • • ' • • r , • ' 
• • • • • • • • • •• 0 • • 
· .. . :_. . Math.ematic~ : c.ours~ in lie~ . of the Basfc·. Ma:thematic~. , cou~se · · .. 
.. 
. . ' 
' . ' . ·, . ' . ' . . . . . ' .·. . 
offered . pro:vinc;i.8,l,ly. ·. :Th~~ · wheQ. 1:he re·lationship. betw:een 
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p~aCeme~t in,.the differerit · rnatheln<ltiCs s.treain~ .are ·~on~idei::ed, · ... \ : 
:. the . ~e~ult~ c~nnot. b~· ·~~adiL~ ·· applie~· to :o£he~ ·high. schools .. ~ 
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.the interviewer ·and :the . i.n.terviewee. There are no ·.rigid .· . 
' ~or;ttrol ~.ittiations . : In Pia·get I .s .·case·, . the ;r~~~it~ were· ·na't; ' :' 
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.-Since _the ~.tudents ·. w~~e tested> in ~ ·one~we~k 'pe~ic;d, · 
. , 
procedure~ of .the P.reseJ1~ . study are we.l1 outlined. 
. · t~e. hi.sto:ry· bias . s~~·uld ~e at a minimum. In such ·a sho~t ·-. . 't 
period of - time it is unlikely that· a student-, who was I test·ed.' .. 
. :. · ..... · . . . /.;i ~, . . 
towa'rd .the . end . of the study,. would_. have' made th~ tra .. nsition 
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f.rom . one c 'ognitive stage t? .. a~other during. the per~od of : . . ; 
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t~stin.g .• · ·T.he · transitiorl' from one stage to another is. ·usually . . : · . ...... '
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In order that .the testin·g . period . be . shol;'t, f.ive 
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RESULTS· . OF. f .HE STUDY · · -. ~ 
' ' ( ., .... · . . . ·l 
. _. :_.In _, t~e .. la~t_.~~~~~r, .. .' th~ ·:pFoc~~ure~·. '~or ·._carryln~ . _put'. · ··: .·_· · -:Jt. 
the st~ciy: ·wei:-~ - Q.esC'ril:)~d~· . I~ .thi~ : .chapter~· the . re~ult~. -.~f · · ( -~ ' 
. . . . ' . .. . • . - . . . 4¥1 ·. . 0 \ ·'tt 
· . the~~ :-~ioced~e~ -~il~ be·-~riai;zed.-.in. ~n· ~tein!?t:- .to pr~sent · , -. .f'"'t 
. · '. .. . .. \ ·. 
· .· . ans~~J;s : to ·.the quest·i~~~- ~h.ich. ~~r.e· ·_aske.d 'in .chapter 1 •.. ·:.·. ----.· 
·· .. :·-~~~ever·~ -~~for~ ~he -~~a~ys.is· of data c~~--· be· ~~e~ent~d,· .it · . . 
: . . 
· .. 
.· . . : . 
.: .' · 
. · .. 
' i's. nece~~ary : to -.. fii-st 
. ~ : " . ' . . . ' . . 
6o~~.id~r · · wh~t · heli~~i~~-·was ·- ~~id~~t- ~or, · 
. · . . 
, ··~ · . , • .: . - • ·~ • I . , J ' - • ,, • , 
' 
' · .' .d 
: , .. 
. : . ' • ' 
·' - ' 
. ~~t;.~gorizi~g· stud~nts into ~he· ~og:~itiv!.._ ~tages ·:~f . develop- .·. · .-:; ·· 
ment ·-and ... how _the ' d'ata .j.s to be .. tr~ated. 's~ .that ·'it can -be .. . ·. ' 0 
·_ . ·~ ·~vciluateci. 
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\ • • • ~n ·.the :followi~g· se.cition' of ib~-~. ch~pter··, -- ~~ble"- i.. .. . . 
< -~ · .·. ·. -:· · .. :._ :·  .. ··.: .. d~s~ri~~ .·the · re~u~ts .. wh.ich.:_~er~ · obt~iri~~:: w~en th~ -~tude~f~ '.-: ~ ·:. ··. _:_ · .. f 
.. _, .... · .. w~~e·' categorized l~t~ ~ai:~ous' stage~· · _of 'cognitive develop~~nt>.-' 
. .· 
' , ' ' ,' '• '' ~ ' ' ' • • ~ I ' '• ' ' > • ' ' ' \' ' ' : ' ' 
. . ' "'\ , .. 
· . ·. . ~ . The present · section will . attempt · to clarify how these results . 
.. ' ' '. ' • • • • : ' '_.' ~ ' ' . t f ;. ' ' : ' ' ' ' • '. {l : > ' ' • ' ' ' ' ' : • ' • ' •' ' • ~ ' ' I 
. : .. were . obtained, using :·the-."classification scher_ne . on pages 29 . . 
. . . . . . ' . , . . . 
/• . . . 
·. , . _·. 
·and: lo_~· ... When a s-t:udent. -i ·s· .named student 3, . for· e~amp1e~ .· thi's · 
~ ,' ·,,, , :, ' I ' . ·'• ' , ' ' ' l • '• ' ,' , '_, , ' , · • , ,' ' \ ' , , ' " •' ' ' ,, • , ~ , ·, ' ' · , , • ' ' ' • • , • • ' ' 
. : . ~ ' ' . refers · ~? .. the ·. studen~ ·:by ··:that·· nurilbe~ in . Tabl~. 1. Ttle · pres~nt_ : 
· . . . ·.·, 
.. .. s~ction _is ' ne·c~s:Sary.· _-~t 
• ·, • ,' •, ' • , ' I '• • ' 
"•I , , 
·were obtained. 
this time to -'~pdic~te. ·how· the results. 
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or i!)c·~rrectly. 
. . 
These firs.t · three. 'tasks . only -categorize a 
. . . ' . . 
' .. ~ 
. I • ~ . , . . , '· ·, J : 
student .a~ his ·minimum .leyel of performanc:;e. For :exampJ:e, 
. th~ ·first task -~n~~l-~~ - the iri;estig_~t·o; ~~ ko~w : that ~- ~ubj~6t 
. ' .' . ' . 
. . 
. ' could 'cope with what is expected of a. person thinking at .a · .. · 
' ,· ' . ' . 
pre-:operational ·level ·o.f_· ·thought. · T.his -·do~s not mean t:hat · 
. . . . . . 
this is ·-~he ma~irriurit '· l_evel'.Qf ." cog~·itive develop~~rit which' the. 
. . ' ' . 
subject has achiev~d ~ . similarly·,: ·a · correqt respo-nse .t~ the ·. 
' ' I ' ' ' ' : • ' . · ' • .. ' . • ' ' ' t ' ' ' ' • • ' 
\ third . ta'sk . only indicates that .a ' stud.~rit. :has ' reached . th~ 
. . - ,· . . . 
. . . ·conc~·ete , operationa;J.. stage, as h~:S ·:m~ni!llum l'e1vel Of· cognitive': 
. . . ' . . .• 
; d·e.;elo~m~n~·. 'The ' fourth and .'fifth tasks require close .· I 
ob_se~v~til : ~.£ . c;i student bef~~~ the . ;st~~nt can be : categorized:. 
... ' / ' 0 ' ' ' \ ' • • • • ' ' ' 
· . -so:me exampl'es of · student · behavior whic.h helped the .researcher 
. . \ · .... ·. . ~ . . ' ' . ' . ... ·' .· 
.·c-ategorize . the .students are now pre sen :ted. The researcher 1 • ·' 
:. - , 
):ound that' ,:no : student exh:i,bited behavior . which· could. be' . 
. I 
. ·d~scrib-~d' as pre-operation~!. 
How students coped with · -~~s~ 4, ·the oscilla.~ions o~ .. · , 
~ .' . ~ 
the pendul~:~ is .. first · descrlbed ·utilizi~g the· g·uid~lines : · · ·. 
' ·. . . .. . . . . . ' .1/1 ~' . ' . ·. . . . . ·. . . . 
of· the · behavi_pr ·e~pected . for this task outlined in the Ias't 
' . r. J 
~hapter. · Student . 4, · who - ~as · classified 'as ' IIA on ~as~ 4, ·. 
' ' ' . ' .;p " ' 
.. . placed the 'larger 'weight on a;;;, long . 'string, the medium weight 
' . .,\ . . ' . ' . ' ' . ·~ ' 
\ . . . .· 
on a . medium-le,ngth . str'ing ,: ·and the s~ll· weight on a short - ' . 
:~ ·.. . . . ·.  ' . . 
st~ing. I In each ~·ase· this subje¢t observed. the motion of . 
• · ; ' , ._ • , •'' ' , I • ' " 
. the· p.endulum. · It w·~s obv.ious· t·h~t this stud~rit did not. order ' . 
<the wetghts anq yar·i~.d two . ·factors simult~neously. student' : .. 
. ' ' . ' 
.;· .·1, .. who was . classifj,ecf ~s · IIB~ · did on · oc~as.ions .va~y mo~e ~a.n . 
' f ' ' ' , ' 
1 
' , • • 1 o ,~ : ' • : ' 
> one. fact9,'r. . But; 'at fitst be a ttemp~~d· .to va.'ry -~h~. _tru::~e 
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weights on on~ :~tring ·While 'hci_lding. the· variables p~sh: ' arid . 
, : ~ , • ' :. , , . :, ' , , , 'co , , • • ·~ , , • \, • • , • • , ",, , ' • , ~ .t' , • • .: · • , • , • 
· he1ght constant~ .However, · as he progressed ·further. -:tnto 
t~e· eXperiD,erit, ~e wa~ i11clined t .o vary two Variabl~s sui> · · 
riit:a:neous.lly. . Neither s~udent: _came up with ·an appropriat~ 
• ' I ~' ' • I ' ' • ' ' ' ' ' ' 
c6ncii:·u~i~n~ sirtc~· Stud~nt<~4 :.va:r.i~d· .both ~~ight a·rld /l~~gth 
. . . : . .. . . ' 
·. -simultaneouslv.; ··she concluded that both the-se factors affected ··· 
·· .. : · t~e ·r~t-e ··.9f 'swinq~~g of · f~e ~e~dui~-. ,: S~~- ~-i~ .nbt·. ~ary · the. . . . 
• ' ' : ' ' I ' ' 
' ' 
·. height' of relea,se . . Student .! ·. concluded; "bh~· sm~:l.ler .· the. · . 
. ... ·. ; : ~. : ~--- -:-~ ·'·--·-:--:-~:·.- .·: .· · -. . . . . . . 
weight, . the ·faster the pendulum s'wings~ · anc{ th~ sho~ter 'the' 
. . . . . . . : . . . .·. •.· 
len,gt;h, . the .. fa·stex: the pendulum swings." s ·tudent ·s, w}lo w~s .. : ·: · 
. . . . . . . . . . . 
. . 'classified as. IIIA~ varied on.e 
/ , (I • 
' ~ ~ ' . 
:he ~a~i~~i' t~e ' thr~e ~ei~ht~ ' 0~ the same string,, and then · .h~ . 
' ·. • • • • • ' ' • ~ .. . . · • • :p ' • : . 
varied the height at which he released the pendulum :and ·the 
' 0 ' •. ' I ' • 
weight. ·on . all .three strings ·~ · . 
. . . . . .· . 
Q 
. .. 
push which he gaye the pendulum~ . Be held the other· thi:'ee 
vari'ables :constant while determining the. effect. of one 'vari-
'. . 
'able • sewever, ·_this s'tudent . concluded . that the ·we:i,.qht and· 
' . ' ' I 
· ' ' . 
. th~ iength affected the rate, of 'the ;,pendulum. 
. ~ 
. . . . 
excl1lde.the 
· ic~lly find 
ir.~.~eva:t ._v~r iabl:es, although he _di~. · _sy~~ein~t~ . 
thif coJ;rect . variable. .. ·· 
' . ) .· 
The students' approach to Task 5., combinations · of 
:: .... . c~lorl<:!~" ch~icals iS now, disqus~ed utiiizill!J . tli~ gu.ideliil.eos 
: · · · o~ expected ··behavior .t;o~ ~his task outlined in the last 
1 
, , • l ~ " .... ' • ,• I ft', \.. ' • , • , ' ' ' , • 
1 
• ' I 
;. 
· ~: . . chap_ter.- Studen,t 3, .who :.was .classi.fied as IIA, first t:r:ied - ·· · .. · 
) .. . . . . . . . . :/ ·, . . . . . ' .. 
. ·1 X · g,. 4 ;x -q, · ·3 ~ 9 ~nd .2. ~ 9~ Then;. after a 'time, · s':he · .-trie4 .. · 
' • ' "J ' ••. • ' • • 
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effect, she went through th~ 'two co~binations · with. g - ~gai~~ ·_ 
. "' 
··she .was only.· ab:le : to fin~ .the·· SC1-me ·c~mbihation again anc:l then · · ,: · 
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' ! • • 
... for classifYinci students : 
• • • ' . 0 • \. ~ 
,. .· \. 
.. ·.' 
. ·, 
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. : · .. · ... . 
. . ' ~ ' 
,•, ' 
·~ 
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' : I' o ~. • 
. ' · 
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0 ' · . . . .... 
. . ·. . . 
I •' o •• ".,' • ~ 
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. '• .· 
. These pieces · o:f c'iay·. ·are · ralle~ ·iri'to. balls · of e_qua·l .. 
• •• ' o ' ' ' 1 • ' ': I' ' • I t ,.~ ; • I ' ' • • " ' : ' ' ' •' :,·:':. o 
. .. ' 
.. . 
. '.: . . ·, . ·_ .. . · . ·, - . . Question. to .the . student: . ·Do these b·alls c~ntai'rl the .. . 
•.·. : . • ' , o·.. ~ . , . . , '. ·. ' . , . . - ,,' 
·'same amount? . ' ·' \ : 
,· :·· . . 
: • 
'. . ., . . 
' . . ,~ • " ' ~ . . . 
. ... . : ;... '(-~ :·. If ·_the resp6nse. to· ·the: question ·is· negat:i,·ve·, ask ·· . _. .· :·.-. 
. I •. · •. : ' . . . I I ,... :': · : •. : ,·. • • • . • • • • • • • .. ' •• ~ • •• . • ' ' . • ' •• ' ~ • • \- • • • 
· . . ·;the . ·studemt ·.-.to ·make each ball contain . the . same amount.··· When, 
• • • • • :. ~ .' ~ ,: :'. I • • •• • ' ' ·'4 • (-,.' ... •• ; • I • • • • • • • • • • • •• · ~ : : • :. ~/ ·. . • •• ~ • • • • • • • • • I .. . 
. the. student aqrees that , each- ball- contains·· tJ:ie ·.same arru:nin't ··, . 
~ , ~· 1 0 t I •' I' • , ' , ' , ' • • ' ' !,. : ', • ' • 
1 
- - · • • ' 
• I -! 
... ' : 
. •'. 
. ·;_ . ·· .. 
' . . •, 
. '
-.. -; .· .. dis.tort one ball• - ' . 
·-.... · 
· ,· •, 
,. 
·. · ... 
'(' 
,,; 
. . : 
'! 
"':• 
' ... . 
' I '•• ,'· ' ' • ' 
Question· ·to ·the . student·: . Doe~ · th.~ ·distor-ted ball ··o.r · ·. · ·. ' :~ 
' • ·, I . ' ' '• I • ,' ' / . · ,· '·' ·, .' : .. ' ' .'•' ·, '', • • ' ' : 10 ,. ' • , • '• ' • • ', ' ' ,' ' ( · , ;,1 
· ... 
·-_ .· ' · 
.. . 
. ,. 
. , . 
" .. 
... 
non-distorted ball ,c6ntain· the more or· do ·they both .· . 
' .' 1,• //. •· ' '• " ' ' • ' • • • : I 
the 
.. · con.~~in ._ the · saine ~m6U:iit? . 
... . f"""/ . 
. Response: : (Re~_ord . resp0~se on respQns~ sheet~) 
. . /·. . . . . '· •.. . . . .. • • .. . 11 . . 
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. . .. . . . : .· ~- . "'·, . . . . ·• : . 
. .. .. _ : Material~ ·.2 pieces· of clcf,y-of different colors. 
. . . ·.'.r .. >·'" . :·.'~~e. ·~~u~~n~ -: is··. again· . pres~~~~d · ~~th. th~ - ~wo klls ·.·' : . .. 
. · , : .. ·. :. ·.·.-.. .'·,~£·. ·cl~y_.'~~ - ~n ·_ ·Ta~k· ·: .l. : .> :G·i~e· · ~~ - t~_::._ ~h~·· ·s~ude·n~. ·. · . ·. : ··. · .. 
.. ,• . . . - . ' ·: ' . . -· '·· . .. . . . ... · . . .."' .. . 
· . . -:· .. ---·:-~~:~.~oli~s~tib~ .to· tli~: st_ti~~~~= -~ · bOth b~lls · weigh 'the,.:· ·· ·:· -~ ... 
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'•.·· · ; -·. ' '. ~ ; . 
i .• • • . ~ I ... , ' • 
.:W.hen· 'he ag;rees·, . take .. th~ hack • .. Distort· one. ·ball. '.·· (DO not .-
~,_. I . ' . . 
. allow the · stude~~ to ·touch ··:the ba:Lls of clay · a 'fter ·they have 
. ... ' • • 6 ' 
. Question. ·to the . st~dent: . Does 'the distorted bali 
. •' ' 
,• 'I 
weigh more than the non-distorted one, or does the non-
- .. I 
,- di~:ltorte.d ball .weigh .~ore than the- distorted .one, or do they . 
both· weigh 'the . same? 
Response: (Record response on ·response· she_et.) 
. . 
. _. . 
: · ... . 
Task 3~ 
. . 
,.. . 
. ! 
·. Material~: · 2 pieces of · cl~y ·from · preV:io:us: task~· one 
,. . : . . .. . . . . . . . . . . . .. 
- . 
• ' f . • 
'distorted· and 'one not 'df~torted, 2 . id~ntical beaker~ of ~~ter~· 
~- ' . . . . .. · ·.. . . 
. The ·two_- beakers ·a~e p.J:"esented to .. t _he .student ·contain;_ -. 
. ., ' . ; . ' 
· ing . the same amount-. of ·water . .: 
. Quest'ion tO the student: .Do the two beakers contain 
the sam~ amouht of water? . 
. ll . • ' . ' •, I ' 
.. 
. ' . 
. I! the respc)n:~e is · negatiye, allow .the student to . · 
. ,,.....- .. . 
adjust the lev~ls · o£\,~ater until he ':lqrees .that each· beaker 
, ' ' ' , • ' , I , I 
- c~nt~li~s . the '. same' volUme of. water. :: 
Question .. to the ·student:.· . ~ill. the dis torte~ ball o; 
clay · p~s_h :_the . l~ve.i of the ·w~tei- ·.up m~re, wl~i 'tiie ~on-< . 
•. ' 
distorte~ ' ball of c;::lay ·push the ievel up more; or will~the 
· two· piece·~ · of clay push the · levels· up .t~e .. · :same?. : 
__ :.) ~ -- --
•. ' 
' . 
. ·-
. Respo_nse: _. ·--- ·(Record .response on, response sheet. ) 
... · ·_, . 
Task· 4. · 
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-·Instructions to the st'\ldent·s ~ - Do . as many experiments 
. . . . . 
.. . . 
' a'~ ·you ·need so ' that you: m~y d~termine, using differeht 'lengths 
I , . - : . , , ' , .. 
. 'l . 
ot string and ·different weights, ·What makes the .pendulum.go 
slow or fast·. ·: (De~ohstrat-e th~ \wingi~g ·of the · pe_ndulpm . .) · 
.. ' 
The things. which .you may vary are . the length of the string 
·(demon?tra te) , 
(demonstrate}, 
the weight ·of the object fastened to . the , string 
' ' 'I ' ' 
the ·:height ~f ·t:~e. qrqp~ing ·-p~in~ CdemqnstrateL 
. . . . 
' ' 
· a·nd t,he force of .the push, ~~i~h yo~i ve .the pendul~ ·(demon-
. sti"ate). 
Observation~: ···(Record your obsei~ations· ' on the 
response sheet.) / 
Is th~ ·student able to ·'<;lisa.ssociate ·- til:~ · imJ?etu~ which· 
'\· 
he gives the pendul~ from the rnot~on which is independent· 
of h~s action? · ·_: ____ ~~--~----~~----------------------~--
Does _the s~udent order 'the - leng.ths of the. pendul~? 
tl .. . 
Does· 'the student ord·er the weights? . · . · 
--------~------
Is the· s ·tucient able · t~ det~ine t~at .· tfie height at 
which the pendu1wn ~ob ,is released has . no .ef.~ect . upon the 
·rate · of.· the ·pe~dulum? 
'~! · -
. Does the student vary more than ,one fac.tor at· .a · time? 
., · . ·,· 
Does . the student approach the probl~m_. syst~atically? · 
·Does. -i;:he stude~t ... isoiate ·variabl,.es by.·v:arying · one 
.. . . . . 
f~~tor ·. While·· h9lding .a11·. othe~s: const~nt? . .. 
' . . .' ; .. ' ' . .. " . . . . -. --~---'"-_.;.,__.__... 
Is the ·stud~nt a~le · t~ isolate' the p·~rtinent· variable~ 
' . 
. r 
,. -
• ' 
•• J 0 
~ · ' 
. ·. 
. , 
. , I .· 
" . ~ .· .. 
' .· 
, .. 
. .. 
... 
. . 
·~· . 
.· '• 
·> 
. ~ ' • . . 
•:;..\ 
·.fl l" 
·:~ ~ 
' : · 
' 
•,' 
. . , 
. ~ .. . 
-'. 
' ~ 
. ,.:· 
,'. -
~:- ' 
·,·· 
... 
.. -
'.!". 
'" 
' 
'• 
, ..
. . . ' ; ~ • . . . . · ·:. -.~ .. -.~~ : ·,'.'.:.· •· ... . · ' 1 ,' ·,j ~: . . •::_·. ·, . ~ ... 
•' '• ·~' •. ': ·.•,' • ' : i .~ ... ~· ,:. ~~··:~ .... ··.~.,;·. .· ,'! • I , • • ' , , , ' · ,;: .'. '' ,' ' _1 :'. ,·, • \ • ' ' '" 
! • : • • •• : · ::.-:. •• • :~ • • .'. • • .• • : ' • • ..:· • •• : • ; • '• •• : • • • • • • • 
- -------~-. :~ .. ----~~----~~. ~ ... -... ~ .. ~ . .~ .. -. --.. --~~~.~- ~ . .--~-----~-----.. -. ~. ,--
.. 
• " ·' I 
. . .. . · I · :·. 
.. . . . , . . . .· .. . ·.. . . 6~. I 
. ·: ··. 
.· . 
·" 
., .. .. ~ 
. ·. . . I 
' 
·, .' · 
. i·: 
,, _·. O~her .obser"va.tlons: . -,....-_..----,........-''----·-··_· -.---·-·---
.'. ·· .. . . .. 
. .. " .. 
•,•:, I ' 
;,., . 
. ·:. 
,• . 
·.··. Ta.sk s.·_,_· .... . .. . . 
' . '·. 
. . 
'o I I ' 
..· 
.. ,• ·. 
·. Materi~l: · 4 sim;i.lar - co~tainers hoidirtg · 1) :di1uted 
, , . • ,, • • . • ' \ • • . • . .• •. • . • - ' : . • • 1. ' • 
sulphu~i.c . a!;:id, "2). -water, 3)· hydrogen . p~roxi¢le, .. and. 4) . thio- ·. 
. . . . .. ·' . . ' . . . . ' 
' • I ~. • 
' '·sulphat_e, . a smal;ter contain·er; 19b-el~d. g, 'containl~g : p~tass~Um . 
' ·- . ' ' . . ' . . . . 
. : .. ~ 
'. ~- t .. 
. .;..iodide, . a ·· bea~er, droppers~ · and ·. test tub~s: • .. 
B~fore ' the ·stud:a'nt . has· arrived, .pu·t 1), dil~t~d ~ul~ · -
, . 
, . 
phuric acid; ·and j) hydrogen·. peroxide' ".into ·a tese tube~ . Make . 
. . · · . . •, .·· ... · .....  
. s~re t 'hat this 1s · prepa~ed ' so that 'the stud~nt does not observe 
. · 
~ . ., . 
_. .. · · the 1iqui4s ·.which ·~u;e mix'e<i-. . 
. . '.. ·.: . ,· ·. } . . .- . . · .. . ·. . .· .. .. ' . . . . .. .· , . . .. .. . . ; . ·. . . . . . 
· · · Show the student -the : mixture; .Wliile the student 
. . . . . . . ' . 
, , ; '. 
is · · 
'1' ' 
·watching, ._ad~ several-drops of -g {po~ssl.~ ~·iodide): -~0 _'th~· 
·; 
. . · .. .. 
't ·.. . · . . . . . . . ' • . . . 
· test -tube_, .using an . eye_ ~opper .. 
• ' . • . • ' ' • • • t , • • • • 
·· ·· . · I~stt~ctlons:· td · th~ ·· stud~~-t: usii,t~· t:he liquids· -~~- -
··. , · . 
; . 
·. ·. ;·· .: . ~~ ·coritairi~_rs .:q, :2;-; 3) ~. : · 4) ·! · ·.~d g~:·. ~-e~ i~ ·y~u can rei)roduce ·.: 
·. 
.'• 
" . 
. · . 
. __ ... 
. ' 
. :,_ ' : 
• . · .. : 
... 
. p 
. th~ same col_or y_ellow ~ ·,1 
. ' 
. . -· . If .tlie ··s.tud~nt finds .-the c()rrect co~in~tiQn - qu'ick~Yt 
• .· ; ·· · t .• 
·· ;;,hich. pr~duce .. this same. _c::oi~:r.?· Thus · the· invest:igat~~ will 
· ·· ... b·e· ab~-~-. t~~ dete~n~ . h.is:· k~6~i~dg~ ·--~£ c.o~i~~~i~~~. .· 
' • • t , .·• • ' ' . '. ~ . I ' : · 
. ... ' 
' . ·: :· .. 
. Obsenat~ons: (Record ; yo\lr . observations· .dn' the. 
: , . • ' • I '• I ,, ', ' • • • • • , • : ' ' ' ' • :,, 
~ ,J .. . : . ·. ; ... . 
1~ 
.'( 
i.'. 
~) 
~-t;._ 
:\f. . 
- .. 
··: . 
·. ·. ·re~po~se ~he~f~. j ·: .. ·<·' .. ~-- ·. . . .-.··· · .. · .. · . · 
. . . . . . ·. ···' . ' . . · . . . . ' ... 
' t I • • ' 'i , ,\ :',,, • I 
Is· ·the stud~t able . to consi.dei: -·the. ~<?.Ur combinations · . · . . · 
: · .. ' . 
· · ·: .. _. .... · · l ··arid· q, ·. 2 ·~nd ri, .3 ·anci'_ 9i' and 4_- ~~---._-g? . · , . . . · 
. . :· ·. : . . ,· . ·. ~ •, :· ··.. . . . ~~- .. .. ~ : ' ·: . ' :.-. . . ·, .' ·. ,, ·.· . . ·. . . 
j_ :' 
I -: 
J :, 
~ '·' 
, .. 
- Does ·the student .only. conslder these . four .. combinations? -
•' . '. ': . . ' · . . . · . . :: ' . . . . . .. 
,• 
• I • ' 
. -· . ,···:. • ' I I,' • ·~ ' :· .·' .. . 
. ··.· 
·~ · •' ' .· : . 
' . • . . 
~I '· 
.,. 
.. 
j ' 
( .'. 
~''\ " 
-~ 
·I 
.i 
,• . 
. <' 
.. ...; 
·. 
·:·· 
,·. 
' ·· 
. is· there·· an 
. . . . . ' 
· . -. ., 
,· 
. . . 
\ ~ ' '4. •• ; • . : • : .. ' . •, • . . . ' • • ' • • • • .~ • • • ~ \.. . • • • • - : •. 
att·empt _. made ·.at· ·yari.9US - ~omb':i.nat~~,n~, 
,_-. 
and: e.ri~~ arid' even ·t 'hen. the. ·'st'udent'. is · 
• ' ' f 
.... but only .by.: trlai 
. .. ' •, 
.. 
. unable .. to .-produ_c~ . -the. yai:).o'us comb,inations'? 
·'· 
, . .. ·. '• :· . . . . . ·, . -· ·. . . . . . ~ .. : . . \ . . . .: : . . . I . . . , . . . . 
· ·Is the student . able bi :produce the various n.:..by~~ 
. : . .. ' 
. -·· 
.· ... ~oml;,.inations, but somew~at unsys~ematically~ _· __ _;_ ____ .;.;.;.. 
~ Is ·· the student able. 'to · produce·· .the . .various:· n-:-by.::.n 
·' . ~ ·• . . . ' ' 
combi'nation.s · sy·s~ematicaiiy? . ·' 
'· 
. . · 
. . 
c r .'- ·. 
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